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PREFATORY NOTE 

The circumstances under which the Department Scientific 
and Tndustnal Eeseareh took over, from the Conjointf Board of 
Sdentific Societies, the investigations into adhesives afe df^tailed 
in the Introduction to this Eeport. , T^e work wliich liad been 
cj^^aed out for the Adhesives Committofe'of th^ Board under the 
direej^ion of Professor Schryver was continued at the Imperial 
College of Science and Technology, and the gi’eater part of the 
fresh experiiiN^tal results here descfihed.are the outcome of the 
vcork of P]*ofessoK§chryver and his assistants. Dr. J. Kernot 
was responsible for the investigations into casein and phenol- 
foinialdehyde condensiition products described in Sef'tions ITT and 
VI ]*especti\;ply of this Ee|X)rt. 

While •prepaiing their Eeport the Adhesives Eeseareh Com- 
mittee learned that Dr. T. Slater Price, Director of the BntisU 
I'^hotograpliic! Eeseareh Association, had, by request of his 
.\ssoeiation, drawn up a descriptive bibliography of gelatin. The 
Council of the Asscx'iaiion kindly c<3iisonted to the publi(*ation of 
the hihTiography as an Appendix to this Eeport, and Dr. Slater 
Price has l)een good enough to revise and bring it up to date. 

Tlie second Appendix to the EetK>rt hOfS, at the request of the 
Adhesives Eeseareh Committee, been drawn up by Professor 
.1. W. MeBain, a. recently apfX)inted member of the Committee; 
the A])j36ndix explains the bearing of recent work relating to soap 
systems by Professor McBain and his collanorators upon the 
structure of the gelatin gel. 

The Jieport and Appendices are j)iiblishod u|>on the recom- 
mendation of the Advisory Council, who wish to express theii 
indebtedness to all who have taken part in the work 
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Department of Scientific and Industrial Research, 
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London, S.W.l. 
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FIRST REPORT 


OP THE 

ADHESIVES RESEARCH COMMITTEE 


To T.HE Advisory 0®uncil to the Committee of the ‘Privy 
Council for Scientific and Industrial Research 


Gentlemen, 

The A^esives Research Committee ap[>ointed by you in 
December, 1919, to continue the work of the Adhesives Cora- 
mitlee of the Conjoint Board of Scientific Societies, beg to 
submit herewith their First Report. 

The Committee have found it desirable lo incluae in this 
Report an^acoount not only of the investigations conducted under 
their diroction, but also of the impublished work of the original 
Committee of the Conjoint Bo^^.rd. The Reioit is thus a com- 
prehensive summary of the work from its ince[)tion in 1918 up to 
the end of 1921. 

Appendix 1 to the Report is a descriptive bil^liography of 
gelatin which has been prepared and revised b) J)r. T Slater 
Price, O.B.E., Director of Research of the British Photographic 
Research Association. Your Committee believe that* this 
bibliography will be of great value to workers in the subject. 
The second Appendix has been prepared for the ])urpose of indi- 
cating the bearing, upon the structure of gelatin gels, of the 
recent work of Professor McBain and his collaborators on the 
nature of soap solutions and gels. 


Mervyn o’ Gorman, 

Chairman. 



I.-INTEODUCTIOir 


] . Towai-ds the end of the war a shortage of glues and cements 
was threatened ; increasing demands for these prcxlucts coincided 
with dighnishing supplies of the raw materials. The demand 
was cliiefly due to the number of aircrait under construction, 
while •the necessity for conserving #oo<l supplies limited the 
aryount of casein available for the production of cements. The 
}x>sition was such that, early in 1918, it ♦^as estimated that 
within a. year the t^hd-tage of glue would seriously limit the out- 
put of air(‘raft. Tu the latter part of 1917, however, tl^-l pro- 
bability of a shortage had already been foreseen and the attention 
of the Engineering War Committee of the Royal Society was 
called I)} a mofliorandnm* from one of its meml)ci\sf^ to the 
necessity for the scfentific study of adhesi\a^>^ This C'oramitt^e 
lofenfd tljc matter to the Conjoint Board of Scientific Swieties 
which body called together an Adhesives Committee representa- 
tive of the numerous aspects of the snhjcet, both theoretical and 
pra.ctical. 

2. In March, 1918, a deputation from the Adhesives C(>mmitt(‘e 
ex])lainod to Sir William Weir the nature of the scientific assist- 
ance wliich, it was felt, the (’ommittee could give to the Air 
Ministry and eventiialh . n|K>n the reeommendatioji of tin* Air 
Group of the‘Ministr\ of Munitions, tin* latter Ministrv accepted 
the co-operation of the Commitlee. hhe M]nisti‘\ of Munitions 
subsequently assigned to the CoinmiLtee a sum not to exceed 
4-1,000, to cover the w^ftrking expenses for one yctn*. The 
Ministrv also nominated representatives to sei've on the Com- 
mittc'o and agreed to fda-ce at its disposal all the available technical 
information on the subject. 

3. Tlie constitution of the AdhesjV('^ ('onimittt'i' at this time 
w’as as follow’s : — 

Jjieut. -Colonel M. O'Gorman, (M) {(Hinirtna)}) 

Sir Dugald (1erk, K.B.E., C.II S. 

Professor W. E. Dalhy, F.B.S. 

Professor J. B. Farmer, F.K.S. 

Prolessor P. Gr<M>m (Tech. Dept. Air (iix)ii|)) 

Mr. J. S. Highfield. 

Sir Herbert Jackson, K.B.E., E.K.S 

Caf)tain Jvaye (Aircraft Prcxluetion Dept.') 

TJeiit. J. C. Keriiot, D.Chem. 

Professor W. H. Tjang, F.R.S. 

Major A . Robei’t son , R . A . E . 

Sir J. J. Thomson, O.M., F.R.S. (Chairmafn, Conjoint 
Boaj’d) . 

Mr. C. J. Wilson. 

('aptain G. J. Wo(kIs (Supply Dept., Air Groiif)). 

I’rotessor W. W. Watts, F.R.S. (Srcrciary). 

* Subsequently published in “ Aeronautics,” January 2nd, 1918. 
t Lieut. -Colonel M. O’Gorman, C.B. 



Having in view the coiiseiwing of the existing supplies ^ raw 
materials for adhesives and cements, the Coniniittee set to work 
to devise improved and more eeonomicai methods of manufacture 
and to discover, if possible, new sources of supply. The needs 
of the monient were m’genl and the Committee devofed itself 
mainly to the above-iiientioned empirical enquiries • which 
pi’omised early practicjil results rather than to more fundamental 
and s^^stematic invi'stigations, although the latter would, in fhe 
end, be of more lasting value. At the»ou|^et, the four following 
linesii^f enquiry wejc adopted : — * ^ 

(tt) An attempt to evolve physical and*inechanical glue tests 
(to supplement those of the AircniXt Inspection 
JJepttnment whose immediate ob]e(*t was to enable 
bad giV's to be condemned) such fls would difCcrentiate 
betwocui ^mples of tolerable merit. In this tvay it 
was hoped to oldaiii a closer knowledge of the 
characteristics of good adhesives, cements ^iid glues 
for wood. 

ib) To as(^rtairt to v\hat su))staJiee or substances, and to 
what properties of such substanc'es, tlie adhesive 
sTiength of the gelathi base glues is due. 

. (c) To discover whether and where w.astage of raAv material 
occurred in the cemrse of tlie existing manufacturing 
processes, and if so, to suggest a remedy. 

((/) To examine, from the [)oint of view of their adhesive 
pow’er, the jhysical propei»lies of substances obtain- 
•able from sources other than bon(\ hide or casein, 
and if [)ossiblc from waste products of wliicli supplies 
existed in this country. 

4. F^nr several months the work of tlie ('ommittee proceeded 
along these lines and a number of useful results wvre obtained 
and are descrilied m the following pages. C])()n the ct'ssntion 
of liostilities, however, the more empirical enquiries which had 
been undertaken wc'ie no longer of the same premier importance, 
and it became possilile for the aftemtion of +he Committee *to be 
directed to more fundamental [irobleins, on tlie solution of which 
real advance in the knowledge and use of adimsives depends. 
The experience already gained had shown that the need for a 
sAstcinatic investigation of tlie general |)r()l>lems of adhesives 
was very great and tlie results and experience already obtained 
gave hope of success. Tlu^ {piestion of finaime, how’over, 
threatened to put a sto}) to any further work. B} Jane, 1910, 
the sum of' money placed at the disposal of the Committee by 
tlic' Ministry ‘of Munitions wmild be [iractically exhausted, and 
tlie Ministry did not repeat the grant. In May of that year the 
(k)mmittee conscqiicmtly recjuosted the BepnrtTTKmt of Scientific 
and Industrial Research to assist in the eontimmtion of the w^ork 
or alternatively to assume responsibility for its future conduct. 

5. Adhesives are materials of very Avidespread application in 
industry ; practical! v every branch of manufacture utilises them 
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in some form at some stage. It Was to be hoped that researches 
of the kind contemplated would be financed, in part at least, by 
contributions from industrial firms, and that it would be possible 
to form a .Research Association with this end in view. An 
examfeiation of the position by the Department, however, showed 
that this was, for a time at least, impossible. In the first place, 
the manufacture of adhesives is only rarely the chief activity of 
an industrial concern ; more frequently products other than 
adhesives form the principal output of the firm, whose interest 
in research upon the subject is correspondingly res^iyicted. 
Secondly, the investigation of adhesives must be undertaken from 
the point of view of the consumer as well as of producer ; to a 
certain extent the two interests are necessarily^ conflicting, and 
experience has shown that it is most difficult o'o reconcile theqi 
within one organisation representative o^,^ooth industrial func- 
tions. Finally, the most diverse origin of the adhesives 
commonly used, and the great variety of uses to which they are 
put in industry, in themselves constitute difficult obstacles to the 
formation of a representative research organisai'-ion. For such 
reasons as these it was found impossible, at the time, to form a 
Research Association or similar body in which industry should 
have an immediate controlling interest. The Advisory Council 
of the Department recognised, however, the scientific and indus- 
trial value of investigations such as were contemplated, and it 
was decided to make arrangements for the continuation of the 
work. The investigations of the Committee were taken over by 
the Department, and a new small committee — the Adhesives Re- 
search Committee—was appointed to direct the work. This 
arrangement had the advantage that, in the event of it being 
found possible subsequently to form an Adhesives Research 
Association, the transfer of the investigations and accii.*TU7lated 
results would bo n comparatively simple matter. 

6. The new Co]nmittee, which was appointed in December, 
1919, is now constituted as follows : — * 

Yjieut. -Colonel Mervyn O’ Gorman, C.B. (Chairman). 

Sir W. M. Bayliss,' F.R.S. 

Professor J, B. Farmer, F.R.S. 

Sir Herbert Jackson, K.B.E., F.R.S 

Professor J. W. McBain, M.A., Ph.D. 

Professor W. W. Watts, F.R.S. 

Mr. F. E. Smith, O.B.E., F.R.S., Director of Scientific 
Research, Admiralty. 

Mr. G. Rotter, O.B.E., D.Sc. (War Office). 

Mr, J. E. Ramsbottom, D.Sc., Pli.D. (Air Ministry). 

7. The new Committee has continued certain of the investiga- 
tions initiated by the Conjoint Board Committee, and, in addi- 
tion, has undertaken fresh researches of a more fundamental 

* After the report had been completed, Dr. T. Slater Price, O.B.E., was 
appointed a member of the Committee. 




character. Thus considerable progress has been made iti the 
development of vegetable adhesives and in their industrial 
applications. Much work has also been done upon the chemistry 
of gelatin and gelatin glues, and, in particular, an attempt has 
been made to discover the liature of the changes occurring during 
the formation of gelatin fsom its praeciirsors in animal tissues. 

8. Jn the manufacture of glue and other adhesives there %re 
very wide variatioiflj in the processes employed by different firms 
and in the character of their finished procnicts. It would seem, 
indedQ, that with few exceptions the manufacturing proccsjes 
employed in this country are purely empirical and without any 
real scientific basis. From this frequently follows an output of 
lower yield and^rade than should be the cUrse. ‘It is hoped that 

•^he investigations’^ i the Committee will be* of assistance in th(' 
evolution of a so uri^ technology of glue jjiannfacture. *Thej'c 
exists a prejudice — perhaps not altogether unwarranteil by ex- 
perience in the past — against adhesives, other than thft common 
gums, derived from vegetable sources. It seems by no means 
improbable th^ vnfiiable adhesives should be obtainable from 
such sources, and this expectation is strengthened by the n'snlts 
which have* so far been gathered by th(' Committee. 

9. Finally, it may be added, there is .‘'till no gcUiierally accept- 
able explanation of the action by which gliu's, etc.., ('uuse siirl'aces 
to stick together. It is obviously necessary to investigate the 
nature of adhesion, be it physical or .chemical. This problem, 
which ha^ such an important bearing upon many branches of 
industry, is constantly before the Committee. 



n.-^MSOHANICAL TESTS OF ADHESIVES FOB TIMBEB 

10. An examination of the scattered literature of the subject 
quickly shows the unsatisfactory state of affairs as regards the 
testing (d adhesives by means of mechanical tests of cemented 
wood joints. There is no standardised method of carrying out 
such tests, and it is evident that much investigation must be 
undertaken before there can be adopted any generally acceptable 
standardised procedure. Thus, among the Variable factors in 
such tests are tlie nature of the tests themselves (whether 
tension, shear or impact), the nature and condition of the'^Wood 
used, the method of {iFi*eparing the adhesive and the wood for the 
test joints, and the form and size of joint employed in making 
up the test piece*. 

11. Jls'^o really satisfactory methods of ^“Visting glues, eictt 
mechanically, otherwise than by means of ^’ood joints, appear to 
have been devised. Weidenbusch (1859) employed rods made 
up of plaster of Paris and glue, but the results appear to be un- 
certain. Gill (Joiirn. Ind. Eng. Chem., 1915, 7 , 10^2) used 
briqueiles made up of fuller’s earth, diatomaceous earth, (piartz 
sand or sawdust with various glues, but obtained similarly unsatis- 
faclorv I'esults. The same investigator em])loye(l a modification of 
Betterberg’s method (Schwed. Tech. Tidskrift, 28 , 52) in which 
the strength of glued pa[)er is measured ; the results of this test 
are of qualitative, rather than quantitative, significance. Gill 
(loc. cit.) has also used porcelain, glass and tiling in the making 
of glued test joints, but ha*8 found them all unsatisfactij^w. Hopp 
(Jouru. Tndnst. Eng. Chcju., 1920, 12 , 051)) used strips of dried 
glue ground to standaid size, and tested them in a Bcho]>p('r 
ma.chine. He states that the 1^^811118 of his tests weie concordant, 
l)ut it is veiy doubtful whether the tensile strength of i drietl 
sample of glue is strictly indic-ative of the behaviour of that 
sample of glue when used in making a joint between two pie<'('s 
of wood in the ordinary way. It would sc'em to^ be generally 
agreed that in order to test the value of an adlu^sive for use in, 
jointing timber, the most useful information is to be obta-ini'd 
from W(x)d joints made up with that adhesive. 

12. At the outset of their work it seemed to tlu' original Com- 
mittee that while the existing mechanical tests of adhesives for 
timber were sufficiently good to enable high-quality adhesives to 
be differentiated from |)oor ones, it would 1)(‘ difficult to make' 
step-hy-step improvements in good or bad glues unk'ss 
niechanical tests were devise<f which would make it possible t(^ 
distinguish with certainty between samples showing modern h* 
differences of merit. With this objo(;t in view investigations 
were imderiakon hy Major A. Kohertson, P.A.F., at the Poyal 
Aircraft Estahlishmenl, and a report was submitted by him to ihe 
(’ommitfee early in 1919. This rej)ort has since been issued^ In 

• “ Report on the Materials of Construction used in Aircraft and Aircraft 
Engines,” Chap. XI, page 132. Published bv H.M. Stationery Office, price 
2U.net. “ j . K 



the Aeronautical liesearch Committee, and it will here Suffice 
briefly to indicate its nature. 

13. The various tests which, up to that time, had been em- 
ployed for the determination of the strength of cemented joints 
in timber .were examined and tN ere each found to be inadfequate 
in some particular dh ectidn. Tension tests are of two classes 

(a) Tliose of joints made along the grain; (b) those of end grjjin 
joints. In connection with the former cUss, two types of test 
piece formerly used at the Eoyal Airf-rall l^stablishmeiit were 
investigated and found to be unsatisfactory on accoiiiil of the 
unequal distribution of stress produced by the bending of the 
specimen when loaded. Test pieces of two other designs 
(descrit^pd in th.e report) were examined and found to be satis- 
“^ictory in securiii*g,a reasonably good stresS distribution. It is 
interesting here to iWe that from some tension tests on very 
small piece of glue (turned up from a piece of cake glue) the ten- 
sion stress of the glue itself atqieared to be at least 3,0l|(j llis. per 
square inch, i.c., more than twice what is obtainable normally 
between glue jjftid whod. As rt'gards the second class of joints — 
end grain joints — a convenient form of test piece is described in 
the re])ort. rreliininary tests on tins type gave promising results, 
and it wuis found that good results could be obtained with soft 
timbers as well as with bard. Eeference is also* made in the 
report to the Spandau test (used in (.lermany), which is a modifi- 
cation of the direct tension test ; in this test the pieces are glued 
end grain to end grain and the specimen is broken liy bending. 
\n advantage of the Spaudau test [)iece is that tins can be used 
for an impact te^t wliieli it may ultimately b(‘ desirable to 
introduce. 

14. JMajbr Uobert son's ret)ort further deals with shear tests, 
and an examination is made of the various tyjies of test pieces 
which have been used b\ different experimenters. It is shown 
lluit the majority of these are unsatisfactorx for in none is the 
stress on the joint a simple shear. Jt is suggested tluit the 
easiest method of carrying out a shear tesi is to make tbq joint 
inclined at about 15 or 20 degrees to the axis of a tension test 
specimen (figured in the report). The stre.sses in the joint are 
then a shear and a tension and, if the angle is between the limits 
given above, the stress causing failure will generally be the 
shear stress. 

Jo. The report concludes with the outline of a procedure for 
testing adhesives, based on the experience gained in the w^ork 
mentioned? The above gives the barest synopsis of the re^xirt, 
which should* be consulted in its original form by those interested 
m strength tests of adhesives for timber. 

16. Since the issue of Major Eobertson’s rejxirt, the attention 
of the Committee has been directed to other investigations, and 
the report consequently rejiresents the stage to wTiicli the enquiry 
has been brought ; it is hoped to return to the subject at a later 
date. 
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m.-GASSlN ADHESIVES 

GrKNEiUIi 

17. Tiie casein cements posse^ss certain marked advantages 
over gelatin glues. Their adhesive po,wers are nearly equal to 
those of the best gelatin glues. They are easily rendered fluid 
and keep so for a comparatively long time. They can be used 
cold, are inodorous, a’e not inclined to foam and can be ready 
for immediate use since they do not require soaking or heating. 
Once dry they are not affected by moisture and they are very 
resistant to bacterial’ action. These advantages rendered tliem 
useful for aeroplane constru^ion and the consumption of casein 
during the ’war was consequently high. It in fact, fearec^ 
that die use of casein for this purpose y^lght ultimately bi 
restricted by the need for economy in foodstuffs. The processes 
for the manufacture of casein in this country in the early stages 
of the war were found, moreover, to be wasteful. In one stage 
of the manufacture alone — the milling process — the losses were 
stated in some instancies to be of the order of 60 per cent, of 
the total weight of casein subjected to grinding. 

J.8. A marked disadvantage of the cx)mmerc*ial casein at .this 
time was its lack of uniformity. So wide were the variations 
between lots of casein from different makers, and even between 
different consignments from the same maker, that it was neces- 
sary to test the suitability of every c^onsignraent separately and 
to vary the formula for the adhesive appropriately. .Jb^or these 
reasons it seemed to the original Committee to be necessary to 
investigate the processes for the manufacture of casein with a 
view to elaborating one which would yield a product of satisfat.*- 
torily uniform properties, with a minimum of waste. It i^eemed 
possible, further, that, could such a process be devised, it might 
also be applied to the production of other proteins equally suitable 
for the preparation of adhesives. 

19. The casein used in adliesives is the protein precipitated 
from *‘skimmed milk by the action of rennet or of acids ; the 
precipitated material is washed, dried, and finely powdered. 
The lack of uniformity in samples of technical casein is doubtless 
due in jiart to the variable conditions under which it is precipi- 
tated. Attention has rectently been drawn to this point by Mans- 
field Clark, Zoller, Dahlberg and Weimar (Jour. Indust. Eng. 
Chem. 1920, 12 , 1163), who recommend the use of hydrochloric' 
cmd: sulphuric acid is objectionable if the bye-product lactose 
is to be isolated from the licpior remaining after precipitation 
of the casein. Clark and his collaborators recommend the use 
of hydrochloric acid of a fixed strength (which he has ascertained 
by experiment) for precipitating the casein, and for washing 
the latter they use water which has been acidified to the same 
degree. The precipitation must be carried out at a fixed tem- 
perature. This procedure, followed by prescribed processes of 
grinding and drying, leads they state to a product remarkablv 



uniform in its chemical and physical properties. The Com- 
mittee have had no opportunity of testing the methods recom- 
mended by these workers, but they are of opinion that, on 
scientific grounds, these methods are well worthy of considera- 
tion bj casein ihakers in this country. • ^ 

20. The drying stage in the manufacture of casein is one which 
appeared to Ijjie original Committee of the ('onjoint Bpard to 
be capable of much improvement, and investigations were under- 
taken with this end in view. In the ordinary course of manu- 
facture the precipitated casein, after washing and drying, is 
obtained in horny masses and, beford being used in adhesives, 
these are milled so as to pass through a 60-mcsh sieve. The 
miWing entails a considerable loss; moist grinding (;annot be 
employed sinc^^e moist powder, on drying, is again converted 
into hard lum|^. The method of drying casein *which was 
elaborated as the outcome of experimental work may briefly be 
described as follows ; the method was not caiaied beyond 
laboratory scale. The precipitated and washed casein, aftei 
drying on cloths, is ground in a mortar. A homogeneous paste 
is made with water and ammonia, the latter being added until 
the mixture smells faintly of the reagent. The alkaline paste 
is then spread in thin layers on glass plates w^hich luive previously 
been given a coating of paraffin oil as thin ‘as possible. The 
plates are then exposed to a current of air at approximately 37®C. 
until the casein is dry. The (tasein, possibly in the state of an 
ammonium derivative, is thus obtained in the form of thin scales 
whicR can readily be peeled off the plates and gioiind to a fine 
powder. Sodium liydroxide may also be used in this {)repara- 
tion ; the alkali is added until a faint pink colour is obtained iij)on 
the addition of pbenolphthalein to a small quantity of the mix- 
ture ; finally ammonia is added to prevent hydrolytic dissodation 
of the sodium salt during drying. The above method proved to ^ 
be useful in yielding a product which presented no difficulties 
in grinding. At this stage of the investigation it was found that 
the method had been anticipated and further dcvelojiment was 
left to private enterprise. 

21. Still other factors influence the uniformity of commercial 
casein. These are the presence of fat, the presence of traces 
of acid and lastly the state of division of the Rubstanc.6. A few 
experiments were made to ascertain the influence of these factors 
upon the value of casein as a (constituent of adhesives, with the 
result^ given below. (For these tests a, simple casein-borax 
cement ^was used containing 15 to 20 parts of casein and 6 to 
10 parts* of borax.) 

(a) Influence of Fat. 

(i) The strength of the cement as measured by the Aircraft 
Inspection Departments’ tests, diminished markedly 
with increase of the fat content. 
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lii) The shear strength for plywood similarly diminished 
with increase of fat. 

(iii) The waterproofness is not appreciably affected by 
moderate amounts of fat. 

(b) Influence of Acidity. 

(,i) The strength of the eeinent (A.l.D. tests) decreases ^s 
the qiiaiitity ot acid present iiicreasesl! Other ex- 
perimenters jiaVe obtained similar results. 

(ii) The (inantity of water necessary to obtain a cement of 

suitable consistency increases with increasing quantity 
of acid left in the casein. 

(iii) If an excessive- amount of acid be presepf'it is inij)os- 

♦ sible to obtain the casein free froiv^uin[)s. 

These results are such as would be anticipated from a con- 
sideration of t?he chemical reactions taking place. Free mineral 
acid attacks casein giving gelatinous f)roducts in,, the .first i)lace ; 
the latter form a coating round more casein and thus lead to 
“ lumpiness.” The casein is contaminated with organic im- 
purities affecting its physical properties, while other new factors 
are intnxluced ovving to the lif)eration of boric, silicic acids, etc., 
by the simultaneous attack of the original free acid upon the 
borax, sodium silicate, etc., used in the cement. 

(c) Influence, of Fineness. ^ 

Mixtures prepared by using 30, 60 and 90-mesh casein gave 
results indicating increase of strength with increasing fineness. 
It was tound, however, that if the 80-mesh casein w^as left to 
soak for some time the resulting cement ap])roximated in strength 
to that prepared from 90-mesh casein. This would appear to 
indicate that the best results are to be obtained from casein in a 
form in which it most readily reacts with the remaining com- 
jounds of the cement. 

tf 

T 

Composition of C-askijN (’ements. 

22. Many formulae have been employed in the production of 
casein cements. The attention of the original (Vunmittee was 
drawn to one of them, adopted by the Air Ikxird (Specifica- 
tion V/2, February, 1918), wdiich was the outcome of investiga- 
tions carried out at the laboratories of the Aeronautical Inspection 
Department. Cement made to this formula gave excellent results 
when fresh. It was found, however, that the keeping properties 
of the cement were poor and that, especially in tropical climates, 
the strength diminished as time went on. This change was due 
to the presence of excess of caustic soda. At the request of the 
Committee further experiments were carried out by the Aero- 
nautical Inspection Department for the purpose of devising a- 



cement which would have good keeping qualities as w^l as good 
adhesive properties. As the result of a large number of trials the 
following formula was evolved : — 


Casein 

Dry sodium (carbonate 
Sodium fluoride 


Per cent. 

.. 18 
^5 

40 


Freshjy slaked lime 

Sodium arsenate ... | 

All ingredients must be ground to pass a*90-mesh 


12-5 

1*0 

sieve. 


23. For use, this cement may be imxed with (a) water, and 
(b) a weak solutioji of gelatin glue. Joints made up from the 
cenient in each way were tested in compariuon with an American 
casein cement^ by the A. 1. 1), methdfls with the following 
results : — ^ 


Breaking Stress in Pounds per Square Inch A 


American Cement. (u) 

• 1?029 910 ...... 1,010 

1,019 1,110 950 

1,034 1,065 1,105 

1,322 960 1,140 

1,146 925 .1,090 

1J60 780i 935 

1,05H 885 1,015 

907 .790 885i 

1,055 910 1,210 

945 1,040 . . . 1,030 

Avci'age 1,067 955 ... 1,054 


24. In addition to the joints required for the above tests a 
number of others were made up at the same time for use in in- 
vestigating the efh'cts of drv heat, moist heat and wi'athering on 
the strength of the new cement. 

Dry Heat , — The joints were kept for eight day.s at 45°(.). with 
two interruptions of 24 houi's each. The figure.s given below 
represent the average of five experiments, in ea.ch case, to 
determine the breaking stress. 

American Cement. (a) (6) Airscrew 1 Clue. 

880 825 1025 987-5 

. 

* The oomposition of the American oemeut is approximately 
Lactic casein ... 

Agar-agar 

Sodium carbonate 
Sodium fluoride ... 

Slaked lime 

t The average strength of similar joints made from good airscrew glue w 
1,100 tbs. per square inch. 

X Values excluded in calculating averages. 




Moist Meat. — The jointe were here kept for eight days in a 
moisture saturated atmosphere at approximately 40°C. 

American Cement. (a) (b) Airscrew Glue. 

1218 1082 1175 1094 

Weathenny. — The joints were exposed to changeable atmos- 
pheric conditions (October) for 15 days without protection. 

Amcri(‘an Cement. (fl) (h) Airscrew Glue. 

867 947. 970 555 

25. The results briefly re|)orted above show that a cement 

prepared according to the formula given has adhesive properties 
and keeping qualities nearly as good as — and in some cases 
su[)enor to — the imported American cement. ^ 

26. One further point 'remains for consideration, ruunely, the 
susceptibilfl-y or f)therwi8e of the cement to bactOrial action which 
destroys the adhesive properties. The resistance of the new 
('ement to l)a(;terial action was found to be very good, as will be 
seen by refei’ence to the results of the tests carried out by 
Mr. C. J. Wilson, of the Hoyal Ainra-ft Establishment. 

The cements tested were : — 

1. An American cement. 

2. A.lTlie new eoment prepared as described under (a) and 

3. B.J (h) above. 

4. Cement prepared as in 3 but using lactic casein. 

Portions of these were kept in a-n incubator at 35°C. in which 
the air w’as saturated with moisture. On micror-opic 
examination — 

1. contained many organisms, mostly quiescent, but some 

displaying movements which were not pedetic? 

2. very few organisms and no sign of life ; 

8. very few" organisms and no sign of life ; 

4. more organisms than in 2 and 3 ])nt fewer than in 1 ; a 
few of them w’cre mobile. 

Next, scrapings of the cements were placed in equal quantities; 
of water and kept in an incubator for 24 hours : — 

1. contained a good many bacilli, some of. which were 

certainly alive; 

2. swarming with bacilli, the greater number of them in a 

very active state : 

3 comparatively few organisms and only motion visible 
due to currents; 

4. as in 2, but the organisms were less active, a considerable 
proportion of them being quiescent. 

27. Perusal of this section of the report will show that, while 
several promising results have been obtained, much work still 
remains to be done upon casein adhesives. The work has so far 
been, to a certain extent, of an exploratory rather than of a 
systematic character, and the Committee purpose to return to 
it at a later stage. 
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lV.-~aSLATIN ADHESIVES 

28. The gelatin adhesives, commercially known as glues, are 
the materials obtained by extracting certain animal tissues, 
chiefly bones, skins, cartilage and tendons, with boilW water. 
These glues are usually, regarded as impure gelatins c&taiiiing 
varying amounts of the decomix^sition products of the latter, and 
for ‘the immediate purpose of this report, the above description 
may be adopted^. More detailed refere|ice will be made later, 
however, to the composition of glue and* gelatin. At present 
little is known as to the relationship bet^^ecn the chemiwil com- 
position and the physical properties of glues, and there is 
certainly no generally acceptable chemicals criterion of the 
adhesNe quality of a glue. The glue-making industry is based 
very largely, if no!v^amly, u^X)n empirical methods evolved out 
of long experience, and under these conditions real advance in 
the industry is very slow. 

t 

29. A further obstacle to progress in the industry lies in the 
peculiar dern^inds t)f the consumers. Many trades each re(]inre 
a special glue of their ovvn, made from particular raw materials 
by specified processes. There is consequently a tendency for 
each manufacturer to produce special “ lines ” which may or 
niay not be of service to the hulk of the (tonsumei^;. 

G-enbkal Lines of Investigation 

• 

30. Bearing the war a rapidly growing demand arose for the 
production of glues of high adhesive power, and it was found 
very difficult to obtain regular supplies of glue of consistently 
good, specified quality. In other words, the methods employed 
ini tlfc industry could not be relied upon to give an uniformly 
good product. It was clear that much investigation, including 
a certain amount of fundamental research, was needed if 
uniformity and high quality of output was to be secured. As a 
preliminary to their work the original Committee visited several 
glue fach)ries and examined the processes th re in operalidn. It is 
unnecessary here to describe these processes; a. succinct, general 
account of glue manufacture will be found in the ‘ ‘ Eeport on the 
Materials of Construction used ini Aircraft and Aircraft Engines,” 
published by H.M. Stationery Office. 

31. As a result of their preliminary enquiries the Committee 
decided to undertake investigations of the following nature ; — 

(i.) A. detailed examination of gelatin adhesives, with a view 
to discovering to what glues owe their adhesive 
properties. 

This in/volves : — 

(a) an inquiry into the physical state of the gelatin 
aggregate and its relation to the adhesive properties 
of glues, and the action of salts upon the aggregate ; 
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(b) an examination of the relationship between the 
chemical properties of glues and their adhesive 
strengths for the purpose of developing chemical tests 
by which the adhesive quality of glues may be 
estimated. 

(ii.)\\n investigation of the effect, of various preliminary 
treatments during the preparation of a standard 
gelalin from raw materials, inc'liidin^^ an examination 
of the cfl'eci l*)f heat upon gelatin and its solutions. 

3‘2. Work of this nature was co(imnenced by the original 
Committee and contiiiKed by the presenit one ; the enquiry is 
still in progress The various investigations are not described 
here in the chronciogical order in whic^h they were undertaken, 
nor are the results obtained by the original Committee separated 
from thbse of the ])resent one. It has been;^t)hought better, for 
tlie sake of continuity and ease of reference, to group together 
the results pf investigatio^ns of cognate subjects. 

(lEXRRAL Nature of tue Results Obtak^ed 

83. Before giving a detailed account of the experimental work 
upon glue and gelatin, it may be of advantage to describe in 
gonoral terms the character of the work and the nature of tlio 
results. 

34. Clues arc most commonly employed for sticking together 
surfaces of wood; these are relatively rough and uneven, and 
no matter liow closely a ])air of wood surfaces be pressed 
together the actual points of contact form probably but a fraction 
of the area* of overlap. Bi‘tween the ^K)ints of contact am 
relatively large air spaces. In a well glued joint, the glue not 
only (jovers the {)ortions of the two pieces of w(K>d wbi(*li tpneh, 
but it fills in the spaces which would otherwise he occupied by 
air. Ill this way only can a. strong rigid structure bo obtained 
It is ]x>ssible to grind and finish two surfaces of a material sucli 
as glass, with such accAiracv that they fit one aiiotlicr almost 
exactly, Thus two lenses (Min be ground with the same radius 
of curvature, and the surfaces polished until they are extremely 
smooth. Tf one siuh lens has a conv(L\ surface and the other 
a con(!ave, and these two surfaces ar(‘ pressed togellier, it is 
found that without an adhesive they adhere so tigliily that 
considerable force may be required to separate them. In such 
a cMise the two surfaces are so highly finislied — smoothed — ^that 
large areas of them are in acdual contact. T’he state of affairs 
is very difftu'ent with w()(<d surfaces, where the interspaces must 
be filled with an adhesive. For this purpose an adhesive must 
obviously be, at the time of application, a vi.scou8 liquid, since 
a mobile one could not be retained in place, as it were, until the 
joint was made. 

35. If, how(n’er, the glue is too viscous, it will not readily fill 
the intersj)aces, and the joint is consequently weakened. Thus 
for each class of material to be glued there is possibly an 
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optimum viscGSrity of glue dependent upon the size of the inter- 
spaces and pores of that particular material. This may be one 
underlying reason ‘for a characteristic feature of the glue 
industry, i.e., the selection of numerous special glues Jpr specific 
purposes^. 

d6. Adhesives, then,* must be viscous substances; since 
viscosity is generally connected with high molecular weight, 
ov at least with* high molecular association, they are usually 
substances of complex chemical composition- It is only reason- 
able tf) suppose that it the complex adhesive is broken down 
into simpler chemical units its adhesive strength will suffer. 
This is not to imply that a body of complex physical structure 
1 ^ necessarily a better adhesive than a body of*a simpler physical 
stnicture. (relatin, the basis of glues, is ;T substance of complex 
molecular composii%:)n which is readil\ broken up into* simpler 
bodies sueh as aniiiio acids. This decomposition is brought about 
by dilute acids or alkalis, and jiossibly even by water alone under 
certain conditions. For iJiis i“(*ason, ])rolonged Ix’ating with 
water, or rckitiveX short heating with acids or alkalis, tends 
to break uj) gelatin, and ('ons(‘'pieiit 1\ glia', and ]KK>r gels are 
the result. While tlie gel-forming power of a. glue is not an 
alisolute criterion of its value, yet it is geiau’ally llie ease that 
a’gelaliii or glue which forms a. |MK)r gel is not a’*g(Mxl adhesive. 
The detriirumtal etleets ot water, acids and alkalis upon glue 
are in the order named, alkalis being much more destructive than 
the otlier two. Tn the pre])ar:ition»nr glue from iKmes, hides, 
etc., thc*extracting lapiid should he as nearh neutral as possible 
ls])ec‘ial cart' being taken to avoid the jirescmee of free' alkali), 
and the iKwiod of heating should he as brief as jiossihle, having 
due regard to other conditions. 

h7.* As an extension of the work relating to the determination 
of tlie most suitable conditions for the extraction of glue, an 
attempt has been imule to aseeita.in the nature of the leacdions 
taking pla<‘.e during the jirodiiction of glue, or rather of gelatin, 
from bones, tendons and skins. The evidence seems l 4 > slxnv 
that these animal tissues contain substances known as os.scin 
a.iid collagen whicli eomhiiie with waiter to form gelatin. Thus, 
during the extra<'tion of glia' or gelatin, two rca<*tions may talo' 
place : — 

Uv) hydrolysis of ossein or collagen to form gelatin ; 

(h) hydrolysis of gelatin giving harmful degradation 
products. 

Fortuiffitely the first reaction appears to proceed much more 
rapidly than the second, hut the existence of the latter must be 
borne in mind. Its progress will be minimised by carrying out 
the extraction of bones, etc., as rapidly and at as low ternjiera- 
tures as possible consistently with economic w^orking. 

^18. The extraction of tendons and skins is carried out 
technically at comparatively low temperatures but, when un- 
decalcified bones are used, higher temperatures are employed and 
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poorer glues, as a rule, result. It is here shown that if the 
bones are ground to a specified size before digestion with water 
the temperature can be lowered and the time of heating reduced, 
the product being a good, clean gelatin. 

39. general conclusions to be drawn from these investiga- 
tions may be summarised thus : — 

(i.) Excessive heating of glue or gelatin solutions is t<> be 
avoided. Tlje mncentration of gelatin solutions at 
relatively low temperatures in vacuo yields a superior 
product. 

Cii.) Digesting hquids should l^e as nearly neutral as possible, 
(in.) In cleaning skins and tendons preparatory to use in glue 
manufactuie the strength of the alkali solution used 
' should be less than 2 per cent. ^ 

(iv.) A gelatin can be obtained from ground undecalcified 
, bones (l/32nd inch diameter) by digestion at a 
temperature not exceeding 100° C. 

(v. ) Acids or alkalis used for the preparation of bones, 
tendons and skins must be removed as completely as 
possible before digestion. The removal is best 
effected by washing with (a) water, (b) weak acid br 
alkali to neutralise any residual alkali or acid, and 
finally with (c) water once more. 

The Classification of Glues 

40. In industrial practice it is, of course, of great advantage 
if tlie quality of a raw material can be ascertained by means of a 
single test. While many methods have been applied to the 
examination of glues with a view to their classification, the 
general opinion is that no single test can be employed for this 
purpose. Among the numerous tests proposed from time to time 
are the following {acr Allen's “ Commercial Organic Analysis," 
Vol. 8, page 005) : — 

(i.) Mechanical Tests of Glued Joints. 

(ii.) Acidity. — This cjin be determined qualitatively by 
litmus ]>apei’, or quantitatively (sec Kisshng, Chem. Zeil. 
1887, 11 ) 691 and 719; Kalmann. Journ. Soc. Chem. Ind., 

1890, 9 , 113). 

(hi.) Viscosity. — This can be ascertained roughly by 
measuring the time taken by a fixed quantity of glue solution 
of standard strength, at 80°C., to run out of a ' standard 
pipette. More refined methods and apparatus » have been 
devised for this purpose. See, for instance, Engler, Joum. 
Soc. (]hem. Ind. 1890, 9 , 654 and Eideal and Slotte, ibid, 

1891, 10 , 615. Some investigators use the viscometer 
devised by Scarpa. 

(iv.) Odour. — The decomposition of glue is readily detected 
by smell unless this be masked by antiseptics or ethereal oils. 
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(V.) Grease. — Grease is a most deleterious impurity in glue 
and this is especially the case when the latter is employed in 
sizing. The amount of grease can be roughly estimated by 
mixing a brushful of glue solution with an ani^ne colour and 
painting with it a piece of white paper ; the/ number of 
“ eyes ” produced is roughly proportional to tie amount of 
grease in the glue. (See Bailey, Conn. Ag. Btat. Bull. 219 , 
213.) * ^ • 

(vi.) “ Foam.'' — The al)seilce^f “ hximing ” is especially 
essential in veneering and where glueing is perfonned by 
machinery. The glue solution of definite strength is shaken 
in a tube of standard dimensions foi* a definite time and the 
volume of the resulting foam is compared with that produced 
by standard glues treated in a similar manner. 

The caiiaie of “ fojiming ” has been investigjfted by Trot- 
man and Hackford (Jouni, Soc. Chein. Tnd. .1900, 25 , 104) 
and by Watson (ibid. 209). Eideal has .suggested that 
“ foaming ” is due to the presence of mucin's. 

Stitimj Time. — -The time taken by a glue to set to a 
jelly under standard conditions is compa.red with that takcui 
by standard glues. 

(viii.) Jelly Strength or Finger Test. — Tn this test the glue 
solutions are arranged in order of merit by comparing the 
strength or* n^silieneies of their jellies as a8(*ertained by the 
f)ressure of the finger tips. While the personal faeh)!’ in this 
test is obviously a very im|X)rtant one, it is possible for expert 
•operators to obtain fairly consistent results with it. 

The testing of the cx^mparative (consistencies of jellies by 
measuring their capacities for bearing wcughts was originally 
suggested by l;i]x>witz and apf)aratus for this purjX)se has 
bc^en devised by, a.niong others, B. S. Smith (ITnitod States 
Patent 911,277) and by Ak^xandcu* (United States Patent* 
882,731), who tests jellies unsupported by containing vessels. 

(ix.) Keeping Qnalitij . — ^Jellies of suitable strength made 
from the glues under test are allowed to stand for some time 
under conditions as nearly jyossihle identicaf with those 
under which the glues will be used : observation from time 
to time indic^ites the probable stability of the glues. 

(x.) Melting Point. — Methods for determining the melting 
points of glues have been proposed by ChendielTsky ((Tiem. 
Zeit. 1901, 25 , 4.13) and Gambon (Joiirn. Soc. Chem. Ind. 
1907, 26 , 703). 

, (xi.) Water Absorption Test. — The weight of water 
absorbed by a known weight of the glue when immersed in 
Water at room temperature for 24 hours is measured. Higli 
quality glues absorb about 10 to 15 times their weight of 
water, and medium glues 3 to 5 times their weight while low 
class glues form a sludge under these conditions. 

fxii.) Estimation ojK on- Gelatinous Constituents. — By the 
addition of alcohol to a glue solution all the gelatinous 
material can be precijjitated, the non-gelatinous materials 
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remaining in solution. Stelling (Cliem. Zeit. J89r), 20| 461) 
suggests this as the basis of a method for estimating the non- 
geiatinoiis content of a glue. 

41. The (^ri'ginai Committee found it neccssaiT to re-in vestigate 
certain of thSe tests and the present Committee liave continued 
the work; the results are given below. 

(a/ M rcluinicul Tv.sfs of (ihied Wood Joniis. 

* A 

1‘2. Reference lias aJre.ady been made to the various strength 
It'sls ol glued joints which ba.ve been used or .suggested from time 
to time. Th(' chief mechanical test employed in tlie woi‘k of the 
( oiiimittee was a simple teiisih* test evolved by the workers at 
th(‘ .\erona.utical Inspection Department. This t(‘st was found 
to be tlu* most reliable aifd suitable having regard to speed a-iid 
relative' acciiracv ; a deseaiption of the t (‘chn up ie»<)f the test may 
be ol iililit \ . 

(11 'ilie test [)i(U'(*s in the earlier woik consisted of carefully 
selected pic'ces ol' hard, dry, American, straight^ 
grained v\almi1, two inches widi*, nine mcht's long and 
three-eighths of an inch thick. 4'he flat sides are 
plaiu'd true and are toothed with a flue toothing pkuic 
{'2o teeth [)er inch). 

(ii« The ghieMs soak(‘d in the reejnisite amount of water 
at r(K)m temjieratnre for ‘24 hours alter whieli it is 
heatt'd between 60 and 80°(’. tor a shoi4 period and 
allowed to cool to 60° before application. 

(lii) l)(4oi(* making t(‘st joints the woo<l is allowed to remain 
for several hours in a constant leiiiperatnre oven at 

(iv) Two pieces of warm wood are tlum r(’moY(‘d from the 
ovtm and the glue is (juiekly applied with tlie fingeis 
to one surface of each test jiicce ; the pieces are then 
placed together in such a manner that a sim])le one- 
inch overlap is obtaiiu'd, givinj^ a joint with two 
s(piare inches of glued area. During the apfilieiition 
'of the glue care must be taken To avoid the formation 
of air bubbles. 

44i(’ joint is tlien scu-nred in a wooden frame with tlie 
aid of an iron elaiii]). By means of tested box-springs 
a standard [iressiire of 400 llis. is a])plied for 12 to IM 
hours. 

(\ii The joint is unclamjied at the end of this time and 
allowed to stand for three da^s. Its breaking stress is 
then determined in a form of Avery or JUickion 
cement-testing inaeliine adapted to the testing of 
wood joints, the nsiial jirecaiitions being taken. In a 
more recent type of Avery machine, shoiler pieces of 
wood (only 44 inches in lengtli) are emjiloyed. 

40. At least four test joints should be made from enoli sainjde 
of glue and the mean breaking stress of the feynr joints determined. 
This test cannot in itself be regarded as an absolute criterion of 



19 


the value of a glue, smce a mmiber of disturbing factors arise. 
These include : — 

(a) variations in {x)rosity of tlie wood , 

(b) variations in the heating of the ghie^ and in the 

temperature of the wtxid ; I 

(c) variations in the thickness of glue tihns duefo (litfereiu cs 

in the viscosities of the glues : 
id) changes in tlie huinidit} and tein|H'ratiire of the 
atmosphere ; 

(c) irregular application of the load during testing. 

44. Tf, however, care is tal<en to keep these factor^ in mind, 
to make experiments under (‘onditions as uniform as possible, 
and to eliminate isolated lesiilts so irregular as ol)\ionsl\ to be 
due to mechanical defects, the experifnental error, will generally 
not exceed 10 p>r cent. 

4o. The following standards for glues havt' biam fixed h\ the 
British Kngiiieering Standards Association. The#^e standard^ are 
adopted for 4.1-incli test pieces. 

Class, Breaking Stress. l^se. 

Propeller glues... 1,100 Ihs. per sq. inch Airscrew rnainifactiire. 

Class T 1,(H)0 „ „ Important stre«s-l)car- 

iijg work. 

Class IJ ... 900 „ „ ,, No stress-hearing 

and under. work. 

(b) The SetluKj Tnnes of Gliiea. 

setting tune of a glue has been found to lurnish a 
satisfactory indiciitioii of its hehavionr in use, and the lollowing 
simple and reliable technique of the test has been iid()j)t(id. A 
JO per cent, solutioni of the glue is prepared by soaking o grams 
Uf tlie glue overnight in 50 ee. of water. The soaked glue and 
superualant licpiid are then heated together in an mcuhator at. 
37^(_'. and wlieii complete solution has been obtained samples 
are |)oured into a series ot glass cylinders of standard size (0 5 cm. 
diameter and 8 cm long) : the vessels are at once iminersed in a 
thermostat maintained at •20®('. • 

47. Every few seconds a, steel ball of staai-dard size and weight 
is eaiitioiisly drofiped into a tube of glue solution until finally 
a })nll is im;d)Ie to sink more than half way llirough Ihe. jelly 
When near the setting ])oint the halls will fall only slowly tliroiigh 
the liquid, which is gradually becoming a gel. At tliis stage 
successive balls should not lie dropped into the same tube: hiills 
shoijd be drop])ed (‘ach into a. Iresh tube at short intervals. 1 he 
time from the nmioval of the tubes from the thermostat to the 
setting’ of tlie jellv, as indicated above, is noted on a- stofi-watch ; 
tliis is lermed the setting time. After a little practiee it ran be 
determined with a fair degree of accuracy. 

(c) The MeHiiifi Point of n Glue. 

48. Tlie rneltinp [wiiit of a silb'«iinc.p such as Rhie is, of ooiirso, 
soniowliiif difficoU (o ascortaii^ willi any deffive of accuracy. 
Several methods have been suggested and advocated by different 



20 


workers. Ill the present investigations it was found convenient 
to determine the melting point of a 10 per cent, solution of the 
glue in the following manner. 

49. A 10 per cent, solution of the glue is prepared in the same 
way as in lb) above and poured into a tube similar to those 
described in the same test until the tube is about two-thirds full. 
-4fter jelly has been allowed thoroughly to set, a stfindai’d 
st('el ball of as large dianioter as possible is cautiously placed 
upon the surface of the .jelly. * The tube is then fastened to a 
therinoiiiotcr and lowered into a beaker of water until the water 
reiKhes nearly to the top “of the tube. The water is then 
gradually heated with constant stirring, and at the moment wdien 
the hall commences to break the surface of the jelly the tempera- 
ture is read off. This temperature is taken as the melting point 
of the 10 p(?r cent, .solution of the sample and (onsidered to 
he charac.teristic of the glue in question. This method has been 
found, in praeth-e, to he the shriplest and most consistent. 

(d) Diffusible Nitrogen Test. 

50. In the course of the work of the Committee a new 
method of testing glues lias been evolved and to it may be given 
tlie above title. The test supplies an indication of the stability 
of the glue towards water, and the results of the test when 
applied to different glues furnish a rough measure of their tensile 
strengths, the stronger glues having generally a low diffusible 
nitrogen. Tliis is not, however*; universally the case. Clues of 
grMKl adlu'sive strength have been obtained that yield jellies, when 
pr(‘par(‘d according to the sfiecification in this secition, which, oji 
application of the Diffusible Nitrogen Test, pass entirely into 
solution. 

51. The glue under examination is made up into a jelly with 
\va.ter in such projxirtions that 2*1 grams of nitrogeji are contained 
in 75 c.c. of water; approximately 35 gi’ams of glue is required. 
The correct amount of glue is weighed out and to it is added 
75 c.c. of water. The mixture is allowed to stand over night to 
enable the glue to be thoroughly swollen. It is then heated to 
37^C. for two hours and finally to about 90°C. for 30 minutes, 
and subsequently poured into a Petri dish (14 cms. in diameter) 
and allowed to stand until set. Water (100 c.c.) is then poured 
over the surface of the jelly and the dish is now place.d in a 
thermostat at 20^0. for 20 hours. At the end of this time the 
aqueous pha^ is poured off and the nitrogen (content in lOQ c.c 
of the solution is determined by Kjeldahl’s method. The results 
are expressed in milligrams of nitrogen per 100 c.c. of aqueous 
phase. 

52. The results tabulated below serve to show the relationship 
existing between the amount of diffusible nitrogen and the tensile 
strength ; the latter is roughly inversely proportional to the 
former 
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Diffusible Nitrogen and Tensile Strength of Glues 



• 

Diffusible Nitrogen m I 

Tensile Strength in lbs. 

Sample. 

milligrams per 100 c.c. 

per sq.ln. [1 part glue 


< 

of aqueous phase. 

1 

to 2 ^s. water]. 


^Nq. 8 ... 

; 

54 

1,39» 


No. 6 ... 

73 , 

1,390 


No. 7 ... 

82* 

1,355 


No. 4 ... 

72 

1,345 

Hide Glue > 

No. .3 ... 
No. 5 ... 

121 

141 

1,275 

1,190 


No. 9 ... 

118 

1,120 


No. 1 ... 

121 .1 

1,070 


No. 12 ... 

252 • i 

862 


No. 11 ... 

: 241 

. , 672 


fNo. 17 ... 

13 j 

1,110 


No. 16 ... 

23 

1,210 

Bone Glue ^ 

i No. 13 ... 

No separation of phases. 

851 


1 No. 14 ... 

V r 

* 829 

• 

LNo. 15 ... 

V »» n ^ 

437 


In the course of the researches, gelatins were prepared i’loin 
. different sources and under varying conditions, with the object 
of ascertaining the degree of variation in the abovo-inentioned 
factors and to correlate it, if possible, with the origin and history 
of the glues. 

• . 

of the r(\snlts are given in the following table : - 


1 

, Sample. ! 

• 1 

Tensile Strength in 
lbs. per sq. inch [1 
pt. glue to 3 pts. 
water.] 

Diffusible Nitrogen 
in milligrams per 

100 c.c. of aqueous j 
l>hase. 1 

Setting Time 
in seconds. 

A'-’ 

1,110 

58 1 

60 

A«« 

1,100 

50 1 

— 

A'* 

1,090 

83 : 

15 

A-* 

1,080 

96 

• Ui' 

A‘* 

1,030 

99 

70 

A» 

960 


170 

A« 

950 

182 

240 

A* 

930 

- 

360 

B‘ 

1,0.50 

One phase 

Over 30 mins. 

W 

1,070 


1<l M M 

B* 

650 

» »> 1 

V )» >* 

B^ 

580 

n M 1 

J» 1) 

C* 

1,200 

91 

45 

40 

C' ..• 

1,180 

61 

C* 

1,130 

131 1 

320 

C» ... * 

1,040 

One phase | 

385 

C« 

1,030 

1.39 ' 

230 

Commercial Brand 
Gelatin No. 1. 

j 1,180 • 

23 ! 

25 

Commercial Brand 
Gelatin No. 2. 

j 1,160 

13 

30 


A. Decalcified bonea. B, Undecalcified bones. C. Cartilages. 



bS. So f;^r I he oiethod may be said to have yielded satisfactory 
quantitative indications of an important pro[>erty of glues which 
hitherto has not been investigated, i.c., resishince to water. 
The investigation is admittedly incomplete, and the subject 
re({uires I'urllfer study. Again, the test nia} lend itself to the 
study of the;s]ze of the hydrated gelatin aggregate under \arious 
conditions. The addition to a glue solution of salts that lower 
the sLirf'ace tension of water will tend to reduce the size of the 
gelatin aggregate, and prcsui,riably, consecjiiently, to increase 
the amount of dithwible nitrogen. The change should be rever- 
silde, and it should he jJONsihle to Iraee the changes in the gelatin 
aggregate by aseertaimng the amount of ddfusible nitrogen in 
solution. 

o4. The test should ^further he eapable of giving jin indication 
of the change undergone h\ glue during piolongpd heating with 
water. 11 tins change eon>ists, in ])ait, of an h>drol}sis of the 
gelatin with the formation of produels of lower molectilar com- 
ph'xitv, tlie latter should be eomparativel) readily dilTusdjle and 
capable ol estimation ])v the t(\st. 

bb. Arising out of these eoiisidm'atioiis the following investiga- 
tions Miggest themselves, aaid the ('oumiittee propose to carry 
them out wlieii <>])portumty ]>ermits ; — 

'i ) Tlie eslmiation of llie amount of ditfusihle nitrogen 
(h'lived' fioiii a sample of standard gelalin in the 
presence of tarioiis salts, aeid^, and bases under 
prescribed eoiuhlions. 

ui.) The estimation of the amoinit of ddfusible nitrogen 
yielded by a. sample of standard gelatin wdiicli has 
been subjected to heat in the jireseiiec' of water. 

(hi ) A detailed examination of the aqueous pluiscs ('ontain- 
ing nitrogen in the gelatin-water system for th*' 
purpose ol tracing the degiadation of the gelatin 
molecule. 

(IV.) Th(' determination of the rate of diff'u.siori of nitrogenous 
(l(\gra(lation of products of gelalin under various 
j^'oiiditions. 

(v.i The ('orrelatioii of the adhesive strength with the 
alteiation in gidatin corresponding to the ehangeB 
in the (piantities of diffusible nitrogen. 

'riiE Thysk’al State oj- the CIela'jin Ac.oreoate' 

')(), It is obvious that the adhesive ()ualiti(s of glues are 
related in some wax to the plnsaail state of the gelatin con- 
tained in them, and it is further evident that much' useful 
information is to he gained by the study of the nature of the 
gelatin aggregate. Tlie subject has eonseipicntlv attracted the 
attention ol the Committee and, while the work so far done is 
of a preliminarv character only, it max bo useful to set out the 
results at present available. 

57. Tliere can be little doubt that gelatin does not exist 
as such in animal ti.ssiies (bones, hides, tendons, etc.). It would 
seem to be present in the form of an anhydride — collagen or 



ossein — but little is known of the chemical nat^ii'e of the 
praecnrsors of gelatin. Tlie work dealin*^ with this subject is 
described in some detail in a later section of this report. 

58. The strncfiire of the true gelatin jolly has been the subject 

of much discussion. Zsigmondy (*’ Colloids :ntl the ITtra- 
microscope ”) has simwn that 0‘ I and 0 ‘2 per cent /solutions of 
gelatin are heterogdiieons after they have stood fm' two d:i>s 
Tliis result has been confiriiied b\ Biitsebli and otber^s whose 
work indicates that <>elatin possesses a cellulai-, spon^e-like 
structure. It should be noled, hoVwer,.that a, solution of gelatin 
prc}>ared at tiu' bcjilinn- point shows a homogeneous lifjfht cone 
in the. Siedentopf-Zsigmondy ultra -microscope, and hence is 
presumahlv homoueiuMMis. C. TC Smith (Journ. Amor Cheni. 
S(ic. .11)19, 41 , hi)) has observed mut an flat ion in p'latin solu- 
tions, and froin tin's phenomenon ar^ue.s the exi^steiua' of two 
forms; one (^eT^itin A) is, he states, stable above C, W’hile 
the other (gelatin Jli is stal)lc below^ la^C. Similarly \V. Alooller 
(Kolloid, Zeit. 19](), 19 , ‘205, 218) claims that*theie are two 
foj-ms of gelatin, cny., a and p gelatins, the former (‘onstitu- 
ing an irregular network, while the latter fills the inters[>ac(‘s 
Finallv, according to Weinurrn (Irundzugc' der Dispersoid 

Cbem. Dresden, 1911) and to Bradford (Biochem. Journ. Jan 
1911), a hot gelatin .solution is to be considered as not unlike 
a hot saturated solution of a crystallino subslanciv 9’he above 
brief reference will serve to show that a cold solution of gelatin 
is to b(' regarded as consisting of two phases, solid and watery. 
Tins sulpt'ct is dealt with more fully, and in the light of nnauit 
worll mion soap systems, in Appendix II to Ibis Ih'[)ort. 

59. It lias b(H'n stal(‘(l that gelatin itself is not a good adhesive ; 
the adhesive |)owcr of glue may b(' due directly or indirectly to 
some'otber product or products, and wo are riaturallv h'd to con- 
sider ■ — 

(a) Wliat IS the natiirt‘ of these fviber products in a good • 
glucC' 

(h) What is the g(‘neral stat(‘ of aggr(‘gali(m in the hard 
ma.ss of ghie‘^ 

(c) ('an, the state of aggregation he .ill(‘red at wall? 

60. Investigations in connection with tlu’se three problems 
have beim put in band. The two first investigations arc' not >et 
sufficiently advanc'cal for an> general statemc'iits lo be miide ; 
concerning the third a certain amount of information has been 
obtained. 

.\i;i'i<u\i’iox oi- THK Si/K of AociKfontks 

61. * Weiinarn has shown that it is possible to \ar\, at will, the 
state ol* aggregation of many substance's, hy modifving the rate 
of fcarmatioii and the rate' of growth of tlu' [>artiel('s Julius 
barium sulfJinte has been obtained in forms ranging from a 
cystalline body to a .ie!l\. If a hot gc'latiri solution resembles 
a hot satiirah'd s^Jntiem of a crystalliiu' salt, tin* state* assumed by 
the e'old gelatin will de*])end upon (1) the' rate of formation, and 
(2) the' rate of growth of nuclei. These rate's are modified by 
several physico-eliemie-al factors but the iufluene'e of two of these 



— surface t?cnsion and viscosity — ^are especially worth investiga- 
tion. Schrj'ver (Proc^. Boy. Sbc. 1910. B. 83. pp. 96, 113, 119) 
has studied the cha-nge in the state of ^gregation of dispersed 
particles, in an aqueous medium, in relation to these two factors. 

62. It thought that the state of aggregation of gelatin 
might haveifi considerable influence on its ^adhesive power and 
ac(‘^>rdingly some ex|)eriments were carried out with this object 
in viewv 

63. Tlie surfacte-tension «an4 viscosity of the solvent can be 
altered by the addition • of various substances. The more the 
addition of a substanc.e lowers the siniace-tension of water the 
g) rater will be its dispersive )[)ower. On the other hand an in- 
ci'caso of vis(;osity tends to dirninish the dispersive effect. It is 
difficult, therefore, to dejsennine accurately the effect of each 
individual Victor on the dispersion of colloids..^ This difficulty 
may ho overcome by choosing salts whose equimolecular solutions 
do not differ greatly in viscosity, but have a relatively wide range 
of surf ace- tensions : some idea of the effect of the latter factor 
can tlu'n be gained. 

(>■1. For this pur{>ost^ a series of sodium sa.lts of organic acids 
v\ere chosen wffiosc effc'cts on a number of substances, existing 
as a disj)ersed phase in water, have been described in the paper 
noted aiiove. 

65. The cftV<*t of these salts on the adhesive and jelly strengths 
of gelatin has now been ascertained. 

66. In the experiments the results of which are tabulated 
below, gelatin solutions were made nj) from 10 gramg of 
C’oignct's (lold Label gelatin and 30 cc.s of N, N/2, N/5 and 
F/JO solutions of eaeli s<ilt, and were subsequently tested for 
tensile strength. A solution made from 10 grams of the same' 
gelatin and 30 cc.s of water was used foi* control purposes. The 
preparation of the solutions and the tests were carried out, of 
course, under strictly comparable conditions. 

67. The jelly strengths were also tested by the nietho<l of 
IjifK>v\itz. For this purf)os6 jellies W'ere prepared by the addition 
of 50 cc.s (Af N, N/2, N/5 and N/10 solutions of each salt to 10 
grams of the above gelatin, and a control jelly for comparison 
w\‘is made up from 50 cc.s of w^ater and 10 grams of the gelatin. 


Name of Salt. 


' .Surface 
Tension 
of 


Tensile Strength expressed 
in lbs. per sq. inch. 10 grams 
gelatin in HO eo.'s of : — j 


Jelly Strengths 
0 grams gelatin in 
.")0 ce. of : — 



Norm ill 
Soln. 

N. Soln 

N/2 

N/5 

N 10 

N. Soln. 

N/2 

N/6 

N 

Sodium I'onnate 

1 MCJO 

1,200 

iK>0 

1,000 



960 

55 

55 

55 

65 

„ Lactate 

I'Ol.H 

1,070 

950 

950 

960 

55 

56 

65 

65 

„ Tai trate 

I'On 

820 

1,200 

1,080 

820 

65 

55 

55 

56 

Citrate 

l-OlOi) 

8K0 

8(H) 

880 

840 

56 

55 

66 

56 

Acetate 

1*004 

600 

570 

850 

740 

55 

1 55 

56 

56 

,, Monochlor-aoetate ... 

1*002 

840 

920 

870 

860 

65 

55 

66 

65 

„ Diehl or-Hoetate 

•970 

780 1 

930 

810 1 

840 

0 

1 10 

30 

40 

„ Triehlor-aoetate 

•DOf) 

840 i 

890 

930 

880 

0 

i 16 

30 

40 

„ Salicylate 

*902 

8.H0 

980 

770 

830 

0 

1 0 

0 

10 

,, Benzoate 

*897 

620 

620 

760 

770 

10 ' 

25 

35 

45 

„ Control 

1*000 

870 

1 - 
1 

-- 

— 

66 


— 

— 
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68. The effect of adding substances which increase fhe vis- 
cosity of solutions without appreciably altering the surface 
tensions was also investigated. Sugars were chosen for this 
purpose. The sugars were purified and molar solutions and 
fractions of molar solutions w^ere used. ^ 


Tensile Strength 


• 1 


10 grama gelatyi in 30 c.c. of 


Sugar. 

_ 


^ 

— 


i 

M. Soln. 

M/2 Solii. 

M/4 Solu. 

M/5 Soln. 

M/10 bol^. 

Glucose. 

940 

900 


• 810 ; 

910 

Maltose 

990 

780 

• 

1,190 

1,090 

Tjaevulose 

% 950 

980 



870 • 

• 800 

Cane Sugar 

— 

1,200 

850 

870 

830 

Control (In water) 

870 

— 

— 


— 


69. This investigation, on the action of salts is of a preliminary 
(jharacter only, and requires a considerable amount of further 
study before definite conclusions can be drawn. It was, how- 
ever, undertaken at a relatively early stage of the woik as it had 
aij important bearing on the subject of liquid glues. The results 
quoted above require revision as certain factors *liave not been 
taken into account ; thus, for example, a salt which produces 
great dispersion will tend to fonn a glue of low(‘r viscosity than 
another salt of small disfiersivc capacity, and in making the joints 
more glue will be exjiressed the lower the viscosity, thereby 
weakening the joint. This factor should be taken into account 
in appraising the value of the results. 

70^ Nevertheless it is obvious that certain substances have a 
marked effect on the adhesiv(‘ strengths of tb(' glue, sodium 
formate, sodium salicylate (when not in too high conc^entiation 
and ill spite of its great dispersive cajiacity) and the sugars in- 
crease the adhesive strength, and there is a certain amount of 
evidence that an increase takes place in presence of suljstances 
containing hydroxyl -groups. 

71. There is no relationship exhibited between the dispersive 
power of a salt (which is correlated with its alteration of the 
surface-tension of water) and its effect on adhesive strength ; on 
the other hand the effec^ts of the salts on the jelly strength follow 
closely their dispersive capacity. If, how'ever, more exact 
methods can be devised in the future, a study of the action of 
salts should throw some light on the nature of adhesion and the 
factors involved in producing a good adhesive. 

The Chemical IhioPERTiBs of Glues and thetr Adhesive 
Strengths 

72. It is obvious that, apart from the fundamental interest of 
such an inquiry, an examination of th<’ relationship between the 
chemical properties of glues and their adhesive strengths is 


essentijll if any chemical method of evaluating glues is to be 
developed. The chemical factors which appear to be most 
eharaoteristic of the proteins (the group of .substances to which 
gelatin belongs) are the amounts of the different amino-acids 
which ar^^ liberated upoii hydrolysis. Tn other words, in order 
to charaVlerise a protein accurately, it is necessary to ascertain 
quantitatively the distiibution of the nitrogen heween its hydro- 
lytic prodiK'ts. There is no known method by means of which 
each of the hydrolysis products can he estimated. They can, 
however, he divided* into groups which are dependent on the 
charar*.ter of the nitrogen f)resent. The percentages of nitrogen 
contained in tliese groups are known as the “ Hansniann 
Nninhers.” By processes which need not liere ho described, 
the “ amide ” nitiogeii, “ Inunin ” nitrogen, “ diatnino ” 
nitrogei>, ‘ and other nitrogen in the proj-ein are separately 
estimated, and the amounts of nitrogen in these are 
caleulated as pereemtages of the total nitrogen in tlie protein; tlie 
figures so (^)tainpd are the “ Haii^mann Niimliers” fur tlie jiro- 
tein. It was thought desirable to determine the Hausrnann 
numbers of several glue.s, and also of a standard gelatin, in order 
to ascertain whether, in this way, a good glue could be dis- 
tinguished from a poor one, and also wliether the results would 
indicate the origin of a glue, i.e., whether it had been firepared 
from hones, cartilage or tendons. 

7d. Tlit‘ table' below gives in a (*onvenient form the results 
obtained : — 


Sample of 
Glue. 

Total Nitrogen 
percentage 
calculated on 
dry weight. 

Amide 

Nitrogen. 

i 

Huiniu Diamino 
Nitrogen. | Nitrogen. 

Other 

Nitrogen. 

No. 1 Hide 

16*77 

1-98 

0-99 

25-04 

71-99 

No. 3 Hide 

17-44 

2-49 

0-9K 

' 21-6.5 

74-88 

No. f) Hide 

17-70 

2*48 

1-09 

, 22-79 

73-64 

No. 1 Boue 

17-12 

3 •56 

1-48 

21-75 

73-21 

No, 2 Boue ... ; 

; 16-97 

3-27 

0-94 

21-76 

74-01 

No. 3 Bone 

17-53 

2-59 

0-52 

' 21-47 

! 75-42 

Nelson- Dale Gela- . 
tin. 

16 -KO 

2 -.35 

0-47 

, 19-59 

1 

77 -.59 

Coignet’s Gold 
Label.” 

17-01 

1-13 

1 

0-71 

20-93 

77-23 

No. A/13 

17-04 

1 3-75 

0-99 

1 18-90 

76 -.36 

No. B/1 

17-07 

i 3*;32 

0-58 

1 19-63 

76-47 

No. C/1 

17-08 

1 2-7.5 

0-47 

19-44 

77 -.34 


74. The first six glues were ordinary eoininereial samples. 

A/IH was prepared in the laboratory from hard, decalcified 
honi’s wliieh were extracted with water for 2-3 hours at lOO^C. 
The glue was dried witluait clarification or deeolourisatioii. 

P); 1 was prepared from hard, undeealeilied bones by extracting 
them in an autoclave with water for one hour at and 

afterwards for four hours at lOO^C. 
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C/1 was prepared from cartilage, which had been first tti-eated 
with 5 per cent, caustic soda, then with dilute hydro(‘hloric acid, 
and afterwards thc^’oughly washed. The tissues were then 
extracted with boiling water. 

75. The results indicate that it is not possible lo detcfniiiie the 
origin of a glue or gelatin by means ol the llaiisiuann r^'iimbers. 
Nevertheless, the differences between the numbers obtained are 
grea^ter than can be accounted foi’ b\ exjierimentai errors. They 
lire possibly due to (‘ontainination witji other proteins or {irotein 
decomposition products derived from muscular tissue adhering to 
the bones, or they ma\ be due to decomposition of skin by the 
action of lime during treatment in the Inning pits. 

76. Tlie Haiismann numbers were also determined for gelatins 
of (phtv different origins. In the following table the n'sults are 
given for three san^iles of such gelalm^. Xo. 1 was •d^'serihed 
as Ihazilian isinglass; X"u. 2 was similarly descTihcd, hut was 
obtained from another dealer; No. .‘1 was deserilicd as Hiissian 
isinglass* : — 


t 

• 





Sample. 

• 

Percentage . - , 

.Nitrogen n,: 
dry we.glit.j 

TI umin 
Nitrogen. 

Diamino 

Nitrogen. 

C>ther 

Nitrogen. 

No. 1 

1 17-28 

3-53 

0-f,8 

• 1 

1 20-68 1 

1 75-81 

No. 2 

1 16-88 

3-20 

0-35 i 

1 19-52 

76-87 

No. 3 

17-29 

3-12 

0-46 

21-23 

! 75-17 

Average of the two 

16-9 

1-74 

; 0-.59 ! 

I 20-26 

77-41 

gelatins jn previous 



1 

! 



table. 

77. It will he noticed that the numluM's do not dilVia* appreciably 
from those olitained in iIk* case of mammalian lis^iit's. All the 
isinglasses, however, diffei fiom the otla'i' gliu's and gelatins in 
tliat their solutions on healing to KMl^C. yitdd a. pri^'ipitale of 
eoagulated alhunun. Tlu' Itussian isinglass conlaiiu'd 4 57 |)er 
eeiit. eoagulahle proU'in, wlnlst llnizili.m conlaiiKHl J.‘i05 })er 
eent. 

7S. Wlien the Ilaiismaim nunihers of th< e<)agulable proteins 
w>u‘t' determined it was found that th(‘. anii<le-nitrogen w\as 
apfireciahly higher tlian in the ease* of ordinary glues and 
gelatins; the\ a]i])roxiinal(' to tin* “ mmibers ” of egg-alhiimin, 
and are given in the following table : — 


Sample of 
Albumin. 

Percentage of | 

Nitrogen in ! Amide 
dry weight of , Nitrogen, 
sample. 

i 

Hurniii Diamino 
Nitrogen. .Nitrogen. 

Monoamino 

Nitrogen. 

Brazilian 

1 14-45 

G-92 

1 2-90 ! 20-62 ' 

69-56 

Russian 

14-67 

6-20 

' 3-06 ’ 19-43 

71-31 

Egg 

: 14-06 

7-82 

2-91 , 21-27 

68-00 


* Isinglass is probably a type of collagen. Brazilian or “ Cayenne ” isinglass 
is obtained from a type of cat fish. The Russian variety is made from the 
“ sound ” or swimming bladder of several varieties of stnrgOfm. 
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79. fit is of interest to note that the adhesive strength of tht 
isinglass altered appreciably after removal of the albumins. This 
is shown by the following table : — 



Tensile strength in lbs. per sq. inch. 

Samj|e 1 part in 6 parts water. 

Before r3moval of 

After removal of 


Albumin. 

1 Albumin. 

Brazilian ... • ... , 

946 

650 

Russian • 

1 1,085 

1 

1,106 


80. The Brazilian isinglass, which contains relatively largo 

amounts of coagiilable albumin (13 0 per cent) is weakened in 
adhesive strength after the removal of the impurity. ^ ^ 

81. The Hausrnann numbers, which can be determined with 
a fair degree of accuracy, give only a limited amount of informa- 
tion ^ith ^regard to the chemical composition of a protein or 
mixture of proteins, and it is very desirable that simple chemical 
methods should be devised whereby more e:^tensi7e information 
as to the amounts of the individual amino-acids can be obtained. 

82. An amplification of the Hausrnann method has been 
evolved by van Slyke for the estimation of the amounts of ,thr‘ 
individual diamino-acids present in the hydrolytic products* of 
proteins by relatively simple methods and a new method, 
involving an entirely different technique is now^ being examined 
bv Bnston and Scbryver (Biochem. Journ. 1921, 16 , 636), and it 
is hoped that it will be possible to apf)ly the procediu'e to tin' 
examination of gelatins and glues, and so to obtain furthei* 
infonnation as to their variations in chemical com|X)sition. 

83. Another chemical method has also been applied to the 
examination of glues. It is possible that, during the extiaction 
of gelatin from its praecursors, a certain amount of hydrolysis 
takes place, es^)ecially if traces of acids or alkalis have not been 
removed before extraction. This should lead to an increase in 
flee amino-groups in the glues. 

84. 'The free amino-gi'oups can be estimated by treatment of 
a solution of the sample with nitrous acid by the method of 
van Slyke. The results obtained indicate that there are veiy 
few amino-groups in even low grade glues. The differences in 
the various samples are so small, however, that this methoil of 
examination is of little practical value. The results are 
illustrated in the following table : — 

Samples of glue supphed Amino-nitrogen in 

by the Engineering percentage of total 

Standards Association. Nitrogen of Anhydrous 

Material. 

No. 1 0-67 

No. 3 0-64 

No. 4 0*58 

No. 5 0-58 

No. 6 0-66 
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85. It further seemed worth while, at this stage, to find out 
whether there is my connexion between the phosphorus content 
of a glue and its adhesive strength. Five samples of gelatin 
glue were examined, the method used being that of J^eumaim, 
elaborated by Plimmer. In the table below the glues are 
arranged in descending prder of adhesive strength ; — • 

Sample of Phosphonis calculated 

Crlue. . as percentage of PoOg. 

No. 1 0 082 

,, 3 0048 

,, 4 • 0 029 

.. 5 * 0088 * • 

6 ... • 0-04G 

86. It will^be seen that apparently the amount of phosphonis 
present in a glue bears no relation to its adhesive strength. 

• Study ok the Formation of Gelatin 

• • 

87. Glue is an impure gelatin and it is not yet dcfinittdy 
known whether the former owes its superior adhesive power to 
the presence p/ some substance or substances other than gelatin. 

These substances may be degradation products of gelatin, or 
alternatively, they may be derived from substances quite foreign 
in nature to gelatin. It should further be noted that the 
impurities mentioned may not, in themselves, possess high 
adhesiveness but, by causing a diange in the state of aggrega- 
tion of the gelatin, may indirectly be the cause of the superior • 
adhesive power of the glues containing them. 

88. As its chief constituent, gelatin is the primary centre of 
interest in the investigations of glue which may be analytic, or 
synthetic in cJiarjK*.ter. In an analytical examination of glue, 
the material would, as far as possible, be separated into its con- 
stituents and the physical properties of these would be carefully 
examined. Tlie most imfiortant separation to be undertaken 
would be that of the gelatin from other nitrogenous constituents. 

For this purpose it would probably be of advantage to examine 
the precipitates produced by tannic acid, by trichloracetic acid 
and by alc5>hol of gradually increasing strength by which means 
a partial separation, at least, of the desired nature would be 
a,ttained. A synthetic. ex»Tmination of glue involves the prepara- 
tion of various mixtures based on gelatin and an estimation of 
their value as ^hesives. Such a method necessitates the pre- 
paration of a standard gelatin, of known histqpy and of the 
highest purity attainable, and its comparison with a |fel&tm 
obtained by the analysis of glue. A synthetic examination of 

mm 
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glue ha«*been undertaken by the Committee. It may be pointed 
out that commercial gelatins cannot be used in such investiga- 
tions ; their history is unknown and slight variations in the 
method of ^»nanufacture may produce relatively important changes 
in the cojiiposition and properties of the finished product. 

f 

89. The Committee cxmsecpiently considered it an essential 
preliniiiiary to the study of the factors influencing the qualit} of 
a glue, that a standard gelatin should be prepared from a kiiown 
source by scientifically-controlled methods. Such a study might 
tlirow incidental light ii{x>n tlie proc^esses occunnng in the manu- 
facture of glue and gelatin ; it may be added that this, in fact, 
has been the cti-se. 

90. It <.W()uld seem that gelatin does noi^ exist, as such, in • 
aniinal tissues, but is there fmind in the form of ossein or collagen 
which are probably anhydrides of gelatin. This view as (o the 
nature of (lie praec.ursors of gelatin was put forward by Ilof- 
meister more tha,n 40 years ago. Idofmeist^r found that on 
heating gelatin at ]30°C. for a prolonged period he obtained a 
substance vvhicli could be brought into solution only by continued 
heating witli water, the solution so obtaineil giving a strong gel 
on c,()oling. In the course of the present work Hofmeister''s 
exfieriment wa.s re{)eat6d by heating gelatin /u tmeuo at 140^C. 

A jiroduct similar to his was obtained, and on prolonged heating 
with water axid cioohng it yiejded a. firm jelly. Hofmeister's view 
is thus partially confirmed. A simple experiment stilly further 
strengthens the view. Gelatin is readily dissolved by a normal 
solution of sodium salicylate in the cold, and a very viscous 
solution containing 20 per cont. or more of gelatin can tlms be 
prepared. A similar sodium saliiwlate solution extracts no 
gelatin from untreated tissues; tliese must be subjected to the 
action of water and heat before gelatin is obtained. 

91. Several atlem[)ls to prepare a standard gelatin have been 
made by eaiiier investigators. For example, Jk'iger and Gies, 
using tendons of Acliilles as their raAV material, after freeing 
these from connecting tissue, digested them in cold lime water 
in order U) remove the mu(X)id substances. The insoluble 
residue was then decalcified by acetic or hydrochloric, imid and 
finally washed. The authors state that the collagen so fireparcd 
was contaminated with a little elastin (a protein derived from 
connective tissue) ; a pure product was obtained by digesting the 
cleaned tendons with trypsin which dissolved all the (fonnective 
tissue, leaving unattacked the collagenous fibres. The residue 
was decalcified in the usual way. J. J. Andeer (Oompt. Eend. 
1895, 126 , 1295) states that an {wjueous solution of phloroglueinol 
acts as a powerful decal cifier, hut has no action oni the most 
delicate organic tissues; and adds that if, in addition to this 
reagent, hydrochloric acid is employed as a decalcifier, the 
resulting ossein contains no calcium salts. 
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The Dynamics of the Formation of Gelatin from its 
Praecursors in Animal Tissue 

92. Extraction of Gelatin from Ossein . — The dyniimics of the 
formation of gelatin from its praecursors liave heei/ examined 
most C/iirefully in the case of decalcified bones. As the reaction 
involved must take plnce in heterogeneous solution, it might be 
supposed that the size of the partiMes eij^]X)sed to the action of 
water would play an im}>ortant part in detennining the rate of 
reaction. Such, indeed, has been found to be the e;isi\ and. as 
the size can be most conveniently regulated when hone is used, 

this jnaterial was seiected tor the more comjrfete examination. 

• 

93. The results%obtained for osst'in have aheadv heeil published 
(Manning and Schryver, Ihoehem. Journ. 1921, 15 , 523). h 
may be mentioned here that in this report “ osstun ” refm-s to 
the material in hones and “collagen” to the gelatiu-\ lelding 
complex Ibwnd in tendons and skins. 

94. Preparation of the Materials. —Vtyr the pur{K>st‘s of this 
research, the material used consisit'd entirely of the middle 
Jiortioiis of the femurs of young oxen (about. two years old). 
These were (*oll(‘(*ted from the slaughter-house' as soon as possible 
alter the animals were killed, and their preparation for ex|Kiri- 
ment was commenced immediately, after they were brought into 
the laboratory. They were hist washed in running wah'r until 
the washings were clear, luid then sawn into two |K)rtions along 
their length, and the marrow and adhering fatty matter wao 
removed. They were then dehydrated and de-fatt('d, first by 
tre-ilmeiit wilh alcohol and then by ether, and afterwards air- 
dried. They were again cleaned by hand to remove the last 
|K)rtions of adhering tissues and then crushed in rixdv-crushers! 
The crushed })articles were then sieved, (he largest si/e used 
passing through ^ inch ipesli, but not through a inch mesh; 
the smallest sized bones used ])assed a. 3^2 H*ch mesh. Altogether 
five grades of bone were decalcified separately, 3 |K'r cent, cold 
hydrochloric acid (not above 5°(h) being used for the [)ur|K>se 
The course of the decalcification was followed by the titration of 
the acid from day to day. This prcK'css reopiired from three to 
seven days, the rate depending on the size of the hone })articles. 
After decalcification, the bones were washed with water till lu'id- 
free, then with 1 per cent, ammonia solution, again with water, 
and fimtlly with alcohol and ether, after which they were dried 
by a fan. • 

95. Method of E.rpcrinient . — 'Hie rate of extraction of gelatin 
from decalcified bones of various graded sizes has been measured 
at !0(P and at 90^0. 

96. For the extraction at 100® a weighed quantity of the dried 
decalcified bones was added to a known volume of boiling water 
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in a flask fitted with a reflux condenser. The time was taken, 
the mixture was kept gently boiling and at convenient intervals 
a small sample of the liquid was withdrawn and filtered through 
cotton wooh Tile nitrogen content of the filtered sample was 
detennined by Kjeldahl’s method, and the boiling continued until 
no further increase in nitrogen content occurred. To measure 
Ihe rj^te of extraction at 90® the same method was used except 
that the flask was immersed in a thermostat at the required 
temperature and its content}? kept in motion by a glass stirrer. 

97. Fig. 1 shows the results for the extraction of gelatin at 
100°. In ea<*h case 20 g. of decalcified bones and 300 cc. water 
were taken. The results are plotted as percentages of the total 
amount of nitrogen extracted. The total nitrogen extracted 
varied sUgiitly with different samples of boaes,^ due to differences 
in degree of dryness. 11 lay between 0’85 and 0*95 grams per 
100 grams solution. 

Fig. 2 shows the results of extraction at 90® 



Time in Hours. 

Fig. 1. — Ejctractiori of gelatin at 100'*. 
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Fig. 2. — Extraction of gelatin at 90°. 


98. The extraction curves for the larger sized particles have 
a point of inflection , and n,re similcir to the curves for autcxiatalytic 
reactions. The process of extraction, however, is not auio- 
ctatalytic. The rate of extraction of a fresh quantity o^ decalci- 
fied bones is unaffec.ted by the presence in solution of some j)re- 
viously extracted gelatin. 

99. The rate of extraction increases with the finer division of 
the bones, except for the very finest inch and under). The 
abnormal curve obtained for the latter size appears to be due to 
aggregation of the particles. Thus in the presence of sodium 
salicylate (N/4), a salt which miirkedly lowers the surface tension 
of w^ater and which would therefore tend to prevent aggregation, 
the curve fits normally into the series. A control experiment 
with -ft- inch bones in presence of N/4 sodium sahcylate showed 
that the salt had no direct effect on the rate of extraction. The 
reaction rate was slightly grea^pr than in water, but this could 
be ascribed to the raising of the boiling point of the water. A 
similar curve was obtained when the reaction with # inch bones 
was carried out in N/4 sodium chloride solution. 
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100. ti was found that the rate of extraction of gelatin could 
be expressed by the formula. 

1 + :r) 


where : 


+ 


log. 


0 


s*„ (a - x) 


= ht 




a = Total amount of gelatin extractible = 100. 
;i — Percentage of gelatin extracted in time t. 
Bo = Apparent initial sijrfaee (as below). 
k = Re{w*tion constant. 


101. When “ k ” was calculated from the results of experi- 
ments carried out at 90° and 100°C., the ratio was 

found to be 2 1. 

102. The apparent initial surfaee was determined by counting 

the a.verage miinher of particles contained in one grain t)f 
material, being taken as i>ro|)ortional to where “ n ” is 

the niimhcr determined. < 


103. An attempt was made to measure the surface by esti- 
mating the amount of iodine or d^^cs which could be absolved by 
ono-gram, size-graded samples of ossein. It was thought that 
the amount of dye or KKline adsorbeil would he profortion.al to 
the surfacte. This was not found to be the (a, so however; a unit 
v/eight, whatever the size of the particles, iihvays adsorbed the 
same amount, although the Tidsorption equilibrium was reached 
the moi’e slowly in the case of the larger particles. It is (*on- 
cluded, therefore, that owing to the high jx^rosity of the bones, 
there is always th(' same surface avuilaTle wliatever the size of 
the particles, and that the different rates of extraction from 
jiarticles of different sizes is controlled largely by the rate's of 
diffusion of gelatin and water through the ]rK)res of the ossein ; 
it is essentially a capilljiry ])henomenon. 

104. In the equation given above, it will he noticed that as 
Sq bccoifies vei 7 large, tlie reaction becomes uniinolecular. Buch 
a reaction would he exjiected when an a.nhydridc is hydrolysed 
and it was of interest to investigate the behaviour of geli|jbin 
anhydride when hydrolysed by water. 


Dyn.amics of the Conversion of Gel.atln Anhydride into 
Gelatin 

105. The anhydride was prepared by the method of Hofmeister. 
Coignet’s gold label gelatin was heated in vacuo in an 
electrically heated furnace at 140°C. for 8-10 hours. The sheets 
of anhydride were then allowed to swell in water, and the swollen 
mass w’as wa^shed repea.tedly, to remove small amounts of decom- 
position products, and thereafter dried in a current of air. The 
rates of hydrolysis of this product at 90° and 100°C. are 
illustrated by the following curves. 



Ptrcentage hydrolysed. 


^5 



Fig 3.— Hydrolysis of gelatin “anhydride" at lOO'^C. and 


100. The results, wliieh ijidiento nn uniinohHuiliir n‘a<‘ti()ii, 
are given in detail I'elovv. Tn each CJisc ‘JO gnns. of gelatin 
anliydride were heated \\'ith 000 c.e. of water. 


Experiment at 100'^ (I 


Experiment at 90'^C. 

Time 

Porceiitage 

k (for uni mole- 

Time 

Percentage 

k (lor iirumfde- 

minutes. 

Extracted 

cular Hiactioi ). 

minutes 

extracted. 

cidar reaction). 

30 

10-6 

o-iwi 

45 

; 

9-9 

0-060 1 

60 

]8-'J 

l)-091 1 

105 

17-5 

0-048 1 

120 

32-3 


210 

i 29-4 

0-043 mean 

240 

i ,^)7-8 

o-.m 1 

315 

1 41 '0 

0-1)40 f 0-045 

360 

! 73* 6 

()•()% j 

435 

' 48-5 

o-oi 




6S0 

61-2 

0-036 J 


107. The ratio -- 2T, wlii(^h is exactly the ratio found 

for the «xtraction of gelatin from ossein. 

]08. Exiraction of Gelatin from T.em/rm.s*.— Tendons of 
Achilles were used in these experiments. They were obtained 
fresh from tlie slaughti’r-liouse, freed from as much connective 
tissue as possible, and cut into small pieces of approximately 
equal size ; they were then thoroughly washed in repeated (dianges 
of w^ater, jiassed through graded strengths of alcohol — up to 
absolute — treated with ether and finally air-dried. 

109. The curves representing the rate of extraction- of gelatin 
(see above) are precisely similar to those showing the formation 
36296 B 4 
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Time in Hours. 


Fig. 4. — Extraction of gelatin from tendons. 



Time in Hours. 

Fig. 5. — Extraction of gelatin from tendons. 


of gelatin from ossein. The rate of extraction, once again 
depends on the size of the particles. Figures 4 and 6 illustrate 
the reaction. 
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Average uumber of particles = 75 in 1 
S, = V 75 * ^'22 and = 17*8. 

_j_W 100.(17.8 + 

11 7-8 ^ 17.8 (100 -x) 


t 

gram 


t 


whence 


t (in hours). 

X (per cent, 
extracted). 

k 

0*5 

• 

(>•5 

■ 0- 00279 

1-0 

17-3 

0-00320 

2-0 

44-2 

• 0-00.338 

3-0 

71-5 

0-00352 

4*0 

87-0 

.0-003.51 

>• 


% 

Extraction of Gelatin from Skins 


110. A fresh calf’s-skin was freed from hair by i=<:raping (lime 
is used for this pur[>osc in (he maimfae.turiiig }>r<)ceBses) , and cut 
into small |)iece.?wliich were then treated in the same way as tlie 
tendons. 

111. The equation that represents the extradion of gelatin 
yrom ossein and collagen, does not hold for the extraction ol’ 
gelatin from skin — the rate of the latter extraction being more 
lapid at the start, but slower towards the end; tbe cairvo has 
not yet been mathematically analysed. This divergence may 
be due either to a. chemical dilfertuice in the skin collagen or to 
the different juorphological structure {•sec Figure G). 
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112. The action of Alkalis and Acids on the PraecuTSors of 
Gelatin— 111 works practice the materials from which glues and 
gelatins are obtained, are often submitted, in the preliminary 
operations, lo tlie fiction of alkalis and acids, as, for example, 
the liining of skins, the decalcification of bones, and the bleaching 
of bones o? skins by sulphurous acid. It ^vas of importance to 
detentpne, therefore, the effect of such refigents on the 
praecursors of gelatin (a) when the acid or alkali was entirely 
removed before extraction, (hf wdien the reagent was incompletely 
removed. It should be noted that in. order to remove the last 
traces of the reagents eaiployed in the preliminarv treatment, 
the material, after washing with w^ater until the washings were 
neutral, was treated 'appropriately with dilute acid or ammonia. 
The neutrali^sing agent was then removed by thorough washing, 
and Die material subsequently dried by alcohol and ether as 
already described. 

113. Decalcified bones, when treated with 2 i)er cent, 
potassium hydroxide for seven days, with 0 2 }>eiT cent* potassium 
hydroxide lor fourteen days, or ^^'ith normal hydrochloric acid 
for fourteen days gfive nonnal extraction curves and gcxxl gels. 
The ossein was therefore unaffected by the trcfitnient. 

114. Tendons ‘were unchanged by treatment ^\•ith normal 
hydrochloric acid or by 0*2 })er cent. tK)tassium hydroxide for 
fourteen days. Five per cent. jM>tash, however, af>peared to 
have some action in that the gelatin was rapidly extracted, and 
only a poor gel resulted on cooling. 

115. The fiction of filkalis and acids on skin are indicated in the 
curves in figure 6. 

IIG. In conclusion, it may be stated that neither normal 
hydrochloric acid nor 0*2 jier cent. |)otfissium hydroxide has finy 
effect on either tendons, skin or ossein. Two per cent, potfissium 
hydroxide, however, fiffects both tendons and skin but not 
decalcified bones. The first two materifils when treated with 
2 j>er cent, alkali yield poor gels. 

117. The tendons contain chondroitin-sulphuric ficid. This is 
extj'ficied by alkalis, and during the course of the above experi- 
ments the rate of its extradion w^as determined by estimating 
the nitrogen in the alkaline extract from' day to day. When 
0*2 per cent, alkali was employed, several days elapsed before the 
nitrogen content reached fi maximum ; a much shorter period 
sufficed when 2 j3er cent, alkali w^as used. 

Effect of the Fresrni^e of Acids or Alk.\lts in the 
Extraction Fluid 

118. It repeatedly happened, in the earlier experiments on the 
extraction of gelatin from its praecursors, that a rapid 
extraction took place and a poor gel was obtained. This was 
found to be due to incomplete removal of acid or alkali ; in order 
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to obtain reliable results the tissue after treatment with alkalis 
or aeids had to be ^purified as described in the f>revious section, 
i.e., washing and neutralising followed by washing and drying. 

119. These results indicate that even small amounts of alkali 
or acid either left in the tissue, or introduced with the ^^xtriu-tmg 
fluid, have deleterious eflects on the products. Tt was of inti'rest 
therefore to determine, in a quantitative manner, the elfefts of 
alkalis or acids on the rate of the rt^action and on the {«*(xlijcts 
formed. 

120. The result of the experiments on l.eudons are indicated by 
figures 4 and 5. No further remarks on the results, which are 
evident from the curves, are necessary, hofoiid the fac.t that 
gelaiin is more sensitive to alkalis thai> h> acads If onl\ as 
little alkali as N/4(H) sodium carbonate is ])rescnt a*j)fK>i' g(‘l is 
(.htained, wdiereas in X/lOO acetic acid a fairly g<H)d gel was 
pnKluceil. 

Addendum, ^Tiie.Em’eot oi- IIkat upon the Meitjno rouvi 
AND Jelly Steenotii ok Gelatin 

121. In the course of visits [laid by tlu' ('oiiimiltce to glue 
i^ictories, it w'as observed that in some cases the glut' solution.^ 
were heated to a high ttmipcrature. It was c(wise(iu(;nl ly con- 
sidered of imjiortance to determine the (dh‘ct, if any, of lu'at 
upon the iiielling point and jelly strength of jnire gelatin. For 
this pu^Kis'c, 21) per c('nt. solutions ol Coigncrs Gold fvahei 
gelatin were jxaired into test-tubes fitted with reflux (xuidensers 
and heated in an oil bath at {a) 8(W. and (b) lOtPt!. for various 
lengths of time. I’nder these conditions the escape of water 
from the gelatin solutions during prolongial heating wais avoided. 
The' jelly strength w'as subsequently determiiK'd by tlx* metho<l 
of (’anibon and Jjipowitz, while the melting point was obtained 
by the method already di'scribed. Th(‘ results arc .shown below. 


Time of 
heating bourn. 


Melting point. ; Melting point. Jelly Strength. .Jelly Strengtli 
Heated at Heatecl at . Meated at limited at 
80”C. 100%’. I S0"C. 100%. 


0 

1 

2 

3 

4 

7 

8 
9 

10 

11 

12 

24 

48 

96 

120 


31*7°C. 

31*7%. 

30-6 

30*0 

29*8 

29*0 

29-4 

28-0 

29*3 

27*5 

28-9 i 

26*0 

28*4 : 

25*0 

27*8 

BOl. 

27*6 

sol. 

27*0 ! 


26*6 


26*5 


26*0 1 


25*6 i 


25*0 , 


nol. , 


sol. i 



140 ' 140 

100 ; 70 

80 j 20 

60 nil. 

40 

30 ! 

20 I 

10 j 

nil. 




40 


C 

122. These results show that prolonged heating at these 
temperatures has * a marked deteriorating effect on both the 
melting point and jelly strength. The latter effect is very 
notable and' would seem to demonstrate the importance of 
temperature control in the manufacture of glues. It is proposed 
at a later Mate to extend these investigutions to osmometric 
measufements for the purpose of determining whether the 
change during heating is of the nature of degradation of the 
gelatin. 
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V.— VEGETABLE ADHESIVES 

• 

123. The threatened injwlequiKty of reliable adlie^jves, in eoin- 
parison with the requirements of the large aircraft [wognuiiino 
of the two closing yqars of the war, led the original t'oinmittee 
to seek adhesives from new sources. A promising direction in 
t^hich to look seerned to be towards the vegetable [)roteiris, and 
especially those which are containad in the residues of seeds used 
commercially for their oil. rreliniinary exptu’hnents were there- 
fore made ufK)!! the residues remaining fifter the extraetion of 
the oils from cotton seed, hemp seed,* linseed, castor bean and 
palm kernels. Linseed gave poor results op account of the large 
amount of mucilage in the seed, wdiile tlu‘ residue's from palm 
kernels were fortnd to contain only 1 per cent, of prf)t#'in. Better 
results were given by cotton and hemp seeds and castor bean 
residues. Of these the last is most promising ; it cannot be used 
as a foodstuff for cattle since it contains a toxic c*om pound, and 
hitherto little ivie has been found for it; to a limited extent it is 
employed as a fertiliser in the neighbourhood of Marseilles. 

124. Tln^ castoi' bean f)lanl (liicniuft Covimuiiis L.) is 
indigenous to Africa, but it was early transp^nted in India and 
elsewhere. It is now found in enormous (piautities in all tropical 
and 8ub-troj)ical countries, and thus largt' (piantiti('s of the bean 
were at the time, and are likely {o be, available. The following 
figures furnished by the Board of Trade show the imports info 
the United Kingdom from lOlJ to 1920. TIh^ great increase 
during the latter part of the war is, of course, due to the use of 
castor oil as a lubricant in aircraft engines. 


Weight luul Value of (Uusfor hem imported into the United 
Kingihon 


Total Imports, | Brazil. 


Britinh India. 



Owls, 

1 

Cwts. 

£. 

Cwts, 

£. 

1911 

1,299,147 

775,532 , 

8,191 

4,882 

1,288.410 

709,076 

1912 

1,095.440 

667,000 . 

1,010 

538 

1 ,080,804 

001,982 

19ia 

1,205;537 

710,587 i 

487 

294 

1,203,3.55 

709,001 

1914 

1,010,690 

562,081 1 

175 

90 

1,010,098 

501,755 

191.0 

• 550,305 

359;877 1 

120 

! 58 1 

I 554,507 

3.58,722 

1910 

819,010 

733,1.32 ! 

3,379 

1 3,253 

813,938 

728,184 

1917 1 

898,557 

1,281,075 1 

11,463 

I 13,149 1 

880,389 

1,206,809 

191H 1 

1,. 599, 175 1 

2,5.57,401 

55 

i 150 ! 

1,573,925 

2,513,078 

1919 i 

290,250 

1 487,557 1 

4,517 

; 7,279 

235,2.55 

385,001 

•1920 1 

292,940 

' 440, .320 : 

93,020 

147,097 

' 124,420 

177,523 


I 


* Provisional. 
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125. It ^ must be remembered that large quantities of castor 
bean are used for the production of oil in countries where the 
castor plant is cultivated. 

126. Caster bean meal is rich in protein. The latter is in- 
soluble in water, salt solution and aqueous aininonia, but is 
soluble in eftustic alkalis, sodium carbonate ‘and strong acids. In 
tlie prtj,sent investigation the protein w^as extracted by digesting 
the meal at room temperature with 0'4 per cent, sodium 
hy(lrt)xide solution for S to iTiours. After filtration and clear- 
ing in a Shar[>les’ centrifuge, the solution was neutralised by the 
addition of bydrocdiloric a"dd. The precipitated protein was then 
thoroughly washed and dried by one of the following three 
methods : — 

ill) ether treatment ; 

(h) exposure to a current of air; 

(c) scale drying after solution in the minimum quantity of 
alkali. 

127. Attem[)ts made to substitute sodium carbonate or acids 
for the sodium hydroxide in the extraction process were 
inelfective. 

- 128 . The material thus obtained by alkali extradion is doubt- 
less a mixture of proteins. It cannot be used dii’edly as an 
adhesive, but must be mixed with a base and a salt. Of the 
bases tried, magnesia together with caustii* soda gave good 
results, hut /inc oxide and barium hydroxide were found to be 
unsatisfactory. Slaked lime was, on the whole, found to be the 
most convenient base, a.nd was generally om[)]oyed. A number 
of ('xp(irimcnts were carried out to discover the most suitable salt 
and to determine the optimum relative proportions of protein, 
salt, alkali and water. 

129. For tlip propa.ra.tion of the mixtures the diy and finely- 
|H>wdered }>rotein, salt and alkali were thoroughly mixed and 
added to water in a mortar, with careful stirring ; a stiff jelly is 
thus formed in a few minutes. On warming the jelly to 60^ C. 
it becomes a thick, sticky licpiid, whiiF is tlien ready for use as 
an adhesive. Alternatively, the jelly is allowed to stand for a 
considerable time, when in most cases it liquefies sjiontaneously. 
The ]i(|ucfaction is jirobably due to the breaking down of the 
protein by the alkali, a process which is accelerated by heat. 

130. In a series of experiments designed to asc.ertain the most 
suitahle salt to mix with the protein and alkali, the following pro- 
portions were used : — 

rrotein 3 parts by weight. 

Slaked lime ... 1 ,, ,, 

Alkali salt 0'6 — 1 ,, 

according to the molecular 
weight of the salt. 

8 parts by weight. 


Water 
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131. The results obtained with the dill’erent mixtures ^iv tabu- 
lated below : — 


Salt used. 


Sodium Fluoride 

Sodium Chloride 

Sodium Arsenate 

Disodium Hydrogen Phosphate 

Sodium Thiosulphate 

Sodium Acetate ... 

Sodium Salicylate 

Potassium Nitrate 

Sodiu^i Potassium Tartrate ... 

Sodium Sulphite 

Sodium Sulphate « 

Potassium Ferricyanide 

Sodium Silicate 

Sodium Hyposulphite 

Sodium Nitrite 

Potash Alum * ... • 

Sodium Napthalene Sulphonate 
Sodium Napthalene Sulphonate 
(in excess with lime), 
godium Benzene Sulphonate ... 


Porax 

Potassiuip dihydrogon Phos- 
phate. 

Potassium dihydrogen Phos- 
phate (with excess lime). 

Sodium Stannate 

Sodium Silicofluoride 

Sodium Citrate 

Ammonium Phosphate ... 
Ammonium Phosphate (in ex- 


Ammonium Fluoride 


Resulting Mixture. 

Effect iff heating. 

Stiff jelly 

• 

Melts sticky. 

Paste 

Does not liquefy# 

Stiff jelly 

Does not liquefy. 

Jelly r 

Melts. 

Paste 

Does not liquefy. 

Paste 

Does not Injiief} 

Stiff jelly pasted... 

Li(|iiefies, sticky. 

Stiff paste ... Hardens. 

Stiff jelly ... 

•Liquefies, sticky. 

... ... A. 

Ijiipiefies, sticky. 

Paste 

Dries. • , 

Paste 

Dries 

Jelly 

Li«|iiefies, sticky. 

Stiff paste 

Does not Ii([uefy. 

Stiff jelly paste ... 

Does nof liquefy. 

Stiff paste 

Does not luiueiy. 

Stiff jelly 

Does not liquefy. 

Same as sodium 
naphthalene sul- 

Li<|uefie8 not readily : 
lum])y. 

phonate. 

• 

Paste 

Does not liquefy. 

Stiff jelly paste ... 

Does not liipiefy. 

• 

Li(| lie ties. 

Stiff jelly 

Liquefies, sticky 

Stiff jelly 

Li(jueficH, sticky. 

Jelly 

LKpiefies, sticky. 

Stiff paste 
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Does not liquefy. 

Liquefies with diffi- 
culty. 

Paste 

Behaves as in case of 
Ammonium Phos- 
phate. 


i;W. From Ihe results obtained it dear iliat sodmm 

lluoiidc IS llu* most satisiaetory salt to employ. 


133. It was next necessary to ascertain tlie proportions in 
which the })rotein, salt, lime and water should be mixed to 
produce a cement giving in a joint tbo greatest possible adhesive 
strength. It should here be noted that if insiitlicient aJwali be 
added the. breakdown of the [irotein does not [iroceed sufficiently 
far for the formation of an adhesive ; if, on the contrary, too inucli 
is added, the breakdown is too far-read ling for a, good adhesive 
to be formed. The amount of water used is also an important 
factor ; the pro])ortions of the several cxinstitneiits here noted were 
only ascertained after some hundreds of mixtures had been pre- 
pared and several times as many joints had been made and tested. 
The strength tests were made with American Walnut joints in the 


44 


manner •already described ; three or four joints were made with 
each mixture, and the mean tensile strength of these was 
determined. 

134. In^ihe following table the results of a series of tests with 
sodium flyoride mixtures are given ; the table serves to indicate 
the manner in which this part of the investigation was 
appr<^ached : — ” 

Table C. 


Rories. 

Protein. 

Sodium 

Fluoride. 

Slaked 

lime. 

Water. 

Mean Strength 
of joint. 

• (Ibs./sq. in.) 

A. 1 

0 T)art8. 

O'G parts. 

2 parts. 

20 paints. 

478 

A. 2 

(» 


OG 


l-.G 

J, 

20 „ 

1,008 

A. 3 

6 


0-G 


1 


10 „ 

1,016 

B. 1 

6 • 


1-2 


2 


23 „ 

1,084 

B. 2 

G 

„ 

1-2 


1-5 


20 „ 

1,03G 

B. 3 

G 

J? 

1-2 


1 


16 

Nc joints, Too 
thick to be 
practicable. 

C. 1 

G 

1) 

IG 


2 


14 „ 

745 

C. 2 

G 

1*5 

n 

1-5 


14 

G27 

C. 3 

6 

n ^ 

1-5 


1 


14 „ 

No joints, does 
not liquefy 

readily. 

D. 1 

G 


2 


2 


15 „ 

G22 

D. 2 

6 


2 


- 1-6 

,, 

14 „ 

669 

D. 3 

G 


2 


1 


14 „ 

Did not liquefy. 

E. 1 

G 


0-6 


2 

yy 

17 „ 

G05 

E, 2 

6 


0-G 


1-5 


>6 1, 

857 

F. 1 

G 


1-2 


2 


Ifi 11 

944 

F. 2 

G 

M 

1-2 


1-5 


15 „ 

734 

G. 1 

G 


1-2 

yi 

2-5 


25 „ 

27-5 „ 

1,042 

G. 2 

G 


1-2 

yy 

2 


913 

G. 3 

G 


1-2 


2-3 


21 „ 

1,008 

H. 1 i 

6 

1) 

0-9 

,1 

1-5 


21 „ 

1,034 

H. 2 1 

G 


: 1 


1-7G 


22 

711 

H. 3 


M 

1-1 


1-94 


22-5 \\ 

893 

H. 4 


n 

1-2 


2-1 

yy 

23 „ 

745 

H. 5 

1 5 • 5 

M 

1 1’2 

yy 

2-1 

yy 

22 „ 

705 

H. 6 

; 5 

T) 

' 1-2 


2-1 


21 „ 

5G3 

I. 1 

G 


1-2 

yy 

2 


23 

975 

I. 2 

G 

M 

1 2 


2 


i 20-5 „ 

980 

I. 3 

G 


1-2 

yy 

i ^ 


lH-5 „ 

907 

I. 4 

6 


1-2 


2 


IG „ 

747 

I. f) , 

G 


1-2 


. 2 


14 

487 

I. 6 

G 


1 -2 


i 2 


25 „ 

913 

J. 1 

7-5 


1 


1 1-5 


! 25 „ 

940 

J. 2 

7-5 


1 

yy 



22-5 „ 

840 

J. 3 

7-5 


1 

n 

1 1-5 

1 

” 

27-5 „ 

995 


J35. From the above results it will be seen that of the sodium 
fluoride cements, B.l, if used immediately after preparation, 
appears to be the most satisfactory as regards tensile strength. 
Unfortunately, all these alkaline cements rapidly diminish in 
strength on keeping. For example, the initial tensile strength 
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of the best of the cements (B.l) fell from 1,084 to 956f lbs. per 
square inch in two hours ; indeed on long standing it became 
thin and useless a» a cement, doubtless owing to the continued 
action of the alkali upon the protein. 

136. A cement which exhibited better keeping qualities was 
found to consist of protbin (40 parts) , sodium carbonate* (8 parts) , 
slaked lime (10 parts), and water (160 parts). The initial tensile 
strength of this cement was 840 lbs. per square inch, the value 
falling to 640 lbs. on standing for 20 hours. 

137. The diminution in tensile strength on standing ueing 
probably due to the influence of the alkali, it was thought that by 
neutralising the alkalinity after the mixture had passed into 
solution an adhesive of inijiroved keeping (piality might be 
obtained. In further experiments tlua'efore, the all^ilinity of 
the mixture was reduced as far as possible without causing pre- 
cipitation of the protein, by the addition of various organic acids. 
This procedure certainly had the efleid of prolonging tlu' effec- 
tive life of the liquid adhesive, but the tensile strength was much 
lowered. Thus an adhesive to which formic, acid had been 
added in this way exhibited a tensile strength of only 680 lbs. 
j^illing to 640 lbs. per square inc-b in the cxiurse of 24 hours. 

138. During these exyjeriments it was found That if a cement 
solution of the character of D.l above b(‘ pnqiared from pi’otein, 
lime and sodium fluoride, and the protein precipitated from tliis 
by the addition of acid, the latter* had its jirojierties modified 
by the treatment. It is iiossible to prepare from this altered 
protein an adhesive containing less alkali than has liitherto been 
found necessary. As was to be expected, this new adhesive did 
not deteViorate rapidly on keeping. A mixture was mad(' of 


Protein 

Sodium carbonate 
Sodium fluoride 
Slaked lime ... 
Sodium arsenate 
Water 


78 grams 
4-5 ,, 

40 ,, 

12*5 
10 ,, 
250 c.c. 


and was found to have a tensile strength of 547 lbs. per square 
inch. From this mixture the protein was precipitated by the 
addition of acid and was used in fueparing a fresh adhesive of 
similar • composition to the above mixture. This adhesive 
possessed an initial tensile strength of 1,100 lbs. falling to 1 ,005 
lbs. per square inch on standing for lour hours. 

139. The change in the protein which is brought about as 
described above might be imitated, it was thought, by digestmn 
with caustic soda. Many experiments w'cre undertaken witli 
this object in view, but they were uniformly unsuccessful, the 
resulting products being unsatisfactory. 
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140. ifs the outcome of these investigations, several formulse 
for castor bean protein cements have been evolved ; among them 


may be mentioned the following : — 
(i) Prolfein 


' Parts. 

78 

Sodium carbonate 


4-5 

Socfium fluoride 


4 

„ Sodium arsenate 


1 

Slaked hrne 


12'5 

Water *. 


... 200 

(ii) Protein 


60 

Sodium fluoride* 


6 

Slaked lime 


10 

Water... ‘...^ 


... 190 

(iii) Protein ... 


.... 75 

Sodium carbonate 


10 

Slaked lime 


1 

M^ater ... 


... 250 


14.1. hlxperience witli these adhesives seemed t(i show that 
they n]igJit possibly prove suitable lor the f)roduction of plywood. 
A sample ol the latter was aec'ordiugjy juade with a eeriient pre- 
pared a(^eordiTig to the following formula : — 

78 parts protein (repreei])itated after fluoride lime 

4'5 ,, sodium carbonate. treatment). 

4 ,, sodium fluoride. 

1 ,, sodium arsenate. 

J'2’5 ,, slaked lime. 

250 ,, water. 


142. Tests of this wood were made in the laboratories 
Aircraft Inspection Dept, in a.ccordariee with the Air 
Specification, and the following tensile strengths 

obtained „ . 

r.KS H)s. per sq. inch. 

216 „ 

165 „ 

162 „ 

150 ,, 

180 „ 

Average ... 178*5 ,, 


of the 
Board 
were 


143. It will be seen that the average result is well above the 
standard figure— 150 lbs./ sq. in.— for ply^\ood, while no in- 
dividual result falls below it. 

J44. These investigations have shown that it is possible to 
utilise the proteins of the castor bean in tlie tiroduction of a satis- 
factory substitute for casein cements. ITnfortunately, however, 
it is necessary to subject the proteins to a preparatory treatment 
precipitation from an alkali fluoride mixture — in order to obtain 
a cement which does not deteriorate rapidly on standing. This 
treatment makes it impossible to produce the protein cement 
at a cost which would enable it to compete with casein adhesives 
in the open market. 
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VI— OTHER ADHESIVES 

145. In iidditioD to the researches already described, the Com- 

mittee have made further exploratory enquiries concerning other 
adhesives. While these enquiries liave not led to an\ very posi- 
tive or useful results, it may be advantageous hiaefly to refer to 
them here. • ’ * 

146 . Blood adhesives, which contain the coagiilahle pi'oteift of 

blood, are put to an important use in the mnnnraeture of ply- 
wood. Experimental work in connexion with 1he.se adhesives 
was commenced by the original Committee, but it was iv'lin- 
quished during the war in favour of more important or more pro- 
mising lines of work ; the ix'sults were not of sufficient significance 
for desc^ription in this report. ^ * 

• , * • 

P HEN 01 .- ¥( )KM A LI )E HYDE ( ' ( )M )EN SAT 1 OX J 'UO 1 ) I ’ C'l’ S 

147. Much attention has been given daring recent y.ea,rs to the 
products of the phenol-forinaldehyde condensation, hut this attmi- 
iion has been very largely directed to the production of [ilastic 
materials rather than of adhesives. Many rid'crmices to these 
materials are to be found in the technical literature which it i.s 
iiiipossible to review hen*. 

148. It may be recalled, howe\er, that perhaps due of th(‘ most 
successful of the earlier methods of producing these condmisation 
prodiKjts was that of Story (Ihat. I^it. 8875/1905), who iisi'd 
excess of phenol, and obtained a visctais mass whi(*h was poured 
into moulds and slowdy dried at SO-lOtW. I’lie jirodnct was an 
infusihle, insoluble, traiisfiarent mass which (!ould easily be 
wnrked. Bai'keland (.vcc Joiirn. Ind. P,ng, ('hem. 19t)9, I, 5-15) 
modified this piocess hy condensing e(|uimolecnlar (plant itii's of 
phenol and formaldidiyde in the pr(‘senc(‘ of a small (plant ity of 
a base. Th(‘ reaction priuveds in two stages, viz. : — 

(i) condensation of phenol and formaldehyde, in the ])re- 

sence of a catalyst, with tlie formation of a liquid or 
viscous product soluble in alcxhol, glyci'riiH', rr-etone. 
etc. ; 

(ii) transformation of the first product into an insohihlc' and 

infusible mass by heating it at high temjioratures 
under pressure. 

The final product is the material knowm as Baludito. Sub- 
sequently Baekeland described (Bnt. Pat. 21)614/ 1911) an im- 
proved cardboard, in which wtis used as binding agent the firo- 
diK;t obtained in the first stage of the reaction, dissolved in 
alcohol. In view^ of this use of the (*ondensa4ion [iroducts, it 
appeared possible that an adhesive ol this nature might be used 
in the manufacture of plywood. 

149. To test this possibility two panels of plywood were pre- 
pared, using as a binding agent an alcoholic .solution ol the first 
condensation product as described under (i) above. The results 
were encouraging, but certain difficulties became evident in the 
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course *of the work. The solvent alcohol is expensive, and it is 
impossible to avoid its rapid evaporation since the solution must 
be applied hot ; the result is that an uneven layer of adhesive is 
obtained* Different portions of the two plywoods prepared gave 
irregular results on testing, a fact which points to unevenness in 
the application of the adhesive ; thus the tensile strength of a 
number of samples of the two panels were found to vary between 
and 330 lbs. per square inch. 

A further difficulty arises from the fact that in order to convert 
the soluble condensation product into the insoluble and infusible 
one, it is necessary tp heat the wood to temperatures at which 
charring begins. The plywood so obtained was, in consequence, 
not so elastic or fexible as the ordinary plywood made up with 
blood adhesives. 

150. When, .instead of using equimolec'ular proportions of 
phenol and formaldehyde, exee^ss of the former was employed, the 
first product was transformed into an insoluble second product 
at a lower temperature ; moreover, the end product was more 
elastic than before, and could be used in admixture ’with camphor 
or even gelatin. The adhesive was prepared as follows : — 100 
parts of phenol, commercial carbolic acid or mixed crosols were 
heated on a water-bath, under a reflux condenser, with 50 to -80 
parts of 40 per cent, commercial formaldehyde solution. When 
pjiire phenol or cresols were used it was found necessary to employ 
a small quantity of a catalyst in the form of a mineral or an 
organic acid, a mineral or an organic base, or a salt which yields 
a weak acid and a strong base on hydrolysis. If the catalyst was 
used in any but small quantity the reaction was difficult to con- 
trol. The heating was ('ontinued for 8-10 hours. When the 
highest pro])ortion of formaldehyde was used (80 parts) the 
reaction mixture separated into two layers the upper of 
which could be removed ; this, however, was not essential. The 
product was a liquid either transparent or of creamy appearance, 
according to the nature of the phenols employed. The liquid was 
evaporated down in open vessels to the consistency of a thick 
syrup ; an excess of ammonia solution was then added, and the 
heating continued for a short time to drive off the bulk of the 
ammonia. 

151. The adhesive so obtained has the consistency of ordinary 
glue solution at the same temperature, and can be applied by 
brush or by heated rollers. On cooling it turns to a thick jelly 
and can be stored in this form ; it is not attacked by bacteria. As 
indicated above, this material does not set at ordinary" tempera- 
tures, and it is necessary t-o apply heat in order to transform it 
into the infusible, insoluble material which is the actual adhesive. 
This heating can be effected by the ordinary processes used in 
the manufacture of plywood with blood cements. 

152. In mechanical trials of this adhesive, the fracture in every 
case occurred in the wood at pulls of between 1,288 and 896 lbs. 
per square inch; it was, therefore, impossible to compare the 
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results with those given by ordinary glues, but it is probable that 
the average strength is at least equal to that of good airscrew 
glue. Plywood prejfered with wet veneers had good waterproof 
qualities, and the shear test gave an average value of ‘2P2 lbs. per 
square inch, which is little above the value for ordinary veneers. 
With dry veneers the results were much higher; panels '[)repared 
witl^ the condensation product were compared with plywqods 
made from several casein and blood cements, the comparison 
being generally favourable to the condensation product. 

153. These various plywoods were submitted to further t^sts 
to ascertain the resistance of the cement 'to moisture and heat. 
An immersion test indicated that the pl^enol-formaldehyde 
adhesive may he considered absolutely waterproof. In a pro- 
‘longed weathering test panels prepared by means of thc*c#ndensa- 
tion product remained intact w^hile all other ])anels failed. 
Finally, heat tests further revealed the superiority of the phenol- 
formaldehyde cement as compared with other adhesi\Vs used in 
plywood making. • 

154. It may be noted that while the above tests were carried 
out on plywood made from birch and poj)lar, the phenol for- 
nmldehyde produ(‘t can be used with otluu- wa)ods. It possesses 
the additional Jidvantages tliat it does not alfecdf tlu' colour of 
mahogany and similar woods (as do casein and blood cements), 
and it does not alter the colour of stained venetu’s. 

155. In concluding this section of the report it may bo nun- 
tioned that the work upon the phenol-fonnaldehyde fidhesives 
was carried out entirely during the war p(‘riod. wlnui it appeared 
to have an im])oidant significance. With the end of the war its 
importance for the Fighting Rervices diminished, while its indus- 
trial development w’as found to be already cov(‘r(‘d by British 
Patent 129903/1919. All wwk upon the adhesivi' was, there- 
fore, stopped shortly after the end of the war. 
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APPENDIX 1 

DESCRIPTIVE BIBLIOGRAPHY OF GELATIN 

• • 

To^yards the oiid of 1920 the Council of the British Photojiira^hic 
K/esearcli Association requested me to drawmap a report summansiiiK tho 
work whicli had hitherto been published on tho physical properties of 
gelatin, the properties to be taken into account being viscosity, swell 'ig, 
setting point and melting point, coagulation and precipitation, hardening, 
and jelly strength. Since it was desirable that tlje report sliouhl be 
ready as quickly as possible it was decideil that*it was not then feasible 
to search photegraphift Journals, which are not well iiuh'xeir. Tor stray 
observations on gelatin which may be scattered tlirough the various 
papers; similarly for Journals dealing with the leather iiidustrv. Tlie 
report, therefore, deals exclusnely witli papers, of which the existence 
could readily be found by reference to the ordinary indexes of scieiitiiic 
literature. Theoretical (piestions are desalt with in an el(‘nientary manner, 
complications wdiudi would occur in a fuller ti(‘atinenl ol the subject 
beUig avoided. , 

A sufficient number of copies of tho report foi ilistrilmtion to tho 
members of the Association specially interested in the question of gelatin 
w'ere prepared and sent out in July, 1921. It was felt however, hv the 
Council of the British Photographic Htvsearch Association ami by tho 
Department of Rcieiitifie and Industrial Itoseurch that since there exists 
no other sueh summary at the present time it was desiiahle to give it a 
w'ider circulation. It lias coiiseiiuently been revised and is now issued 
under tlie legis of the Department. 

The endeavour has been made to take into account all the important 
papers dealing w'ltli tho ahovc-meiitioned properties of gelatin, bii^. in tho 
short time which has been at my disposal, tim« wdiieb has been largely 
occupied with other duties, and in view of tbo ia(i that articles on 
gelatin are widely scattered in tho scientific i.terature* of all countries, it 
is very improbable that no papers have been missed. I should be glad to 
receive details of any such omissions from anyone interested in the 
subject. 

T. Si..\TFJi Price, 

Director of llosearch, 

British Photographic Roseandi Association. 


February, 1922. 
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INTBODXTGTIOir 

In the early days of the investigation of gelatin with respect to the 
properties* of swelling, viscosity, etc., it was usual to consider the gelatin 
purely as a colloidal substance and take little or no account of its chemical 
properties. This held not only for gelatin itself, but also for the influence 
of acids, bases and salts on the physical properties mentioned, and as a 
resifit there has accumulated a vast quantity of disconnected data. In 
rc{«nt years, however, it has, been recognised that gelatin has definite 
chemical properties as an acid or as a base, and that these properties 
affect its behaviour in the various reactions to which it is submitted. 
Recognition of this fact is of comparatively recent date, but already 
order is being brought out of chaos and explanations are being found for 
many phenomena which were previously inexplicable. 

It is true that during the last twenty years a number of authors, 
Bugarsky and Liebermann, Hardy, Pauli, Robi.rtson, Sorensen, and 
others (compare Loeb, “ The Physics, and Chemistry of Colloids,’^ Dis- 
cussion held by the Faraday Society and the Physical Society of Loudon, 
October 25th, 1920. Api>endix 1 , pp. 153-161; also Science, 1920, 52 , 
449-456) have advocated .a chemical conception of the reactions of proteins, 
including gel.ntin, but since their results could be explained just a/? well 
on the basis of ordinary colloid chemistry, they were not generally accepted. 
Two chief reasons may be given for this non-acceptance: — 

(1) The experiments do not show' that ions combine with proteins, in 

the typical ratio in which the same ions combine with 
crystalloids. 

(2) The existence of the so-called Hofmeistcr series. 

The llofmeister scries will be referred to in detail in later sections, but 
it may be stated hero that they arose out of the investigations of 
Hofmeister and others on the efl'oct of salts, etc., on tlie precipitation, 
viscosity, swelling, and other properties of proteins. It w'as found that 
the anions could be arranged in definite series according to their relative 
actions, the order being independent of the nature of tlie cation. Similar 
series were found for tlio cations, though these serit's seemed to be k*s8 
drfinit(‘. This may be illustrated by the following series, due to Pauli, 
w’^hich represents the relative effects of different acids on the viscosity of 
blood albumin : — 

Hydrochloric > moiiochloroacetic > oxalic > dichloroacetic > citric > 
acetic > sulphuric > trichloroacetic acid, 
the hydrochloric acid increasing the viscosity most. 

The order in which these acids are arranged liears no relation to their 
relative strengths, as judged by their dissociation constants. Other 
series could lie quoted which give similar anomalous results, that is, 
anomalous in the sense that there seems to be no connection between the 
ordinary physical properties of the memliers of the series and the effect 
they have on the proteins. Because of these anomalies chemists wore for 
a long time content to explain these scries on the assumption of a 
selective adsorption of the various ions by colloids. 

In the last few years, the conception of gelatin as an amphoteric sub- 
stance, and the recognition of the fact that the behaviour of gelatin (and 
other proteins)’ must bo compared at the same hydrion concentration, has 
thrmvn new light on the subject and given an explanation of many 
phenomena which were formerly very puzzling. 

It may be as well briefly to consider what is meant by the statement 
that gelatin is an amphoteric substance. Such a substance is one which 
is capable of functioning both as an acid and as a base; the most common 
and simplest example is water. The purest water that has been obtained 
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is still capable of conducting electricity to a very slight extent# that is, 
ions must be present. The only way in which ions can he formed is by 
the dissociation of water itself, in accordance with the equation : 

H ,0 H- + OH'. 

The water therefore contains both hydrions and hydroxyl-ions, that is. it 
is an acid and a base at onq and the same time. Now a substapce cannot 
function in this manner and be strong, either as an acid or a base. It 
must be a very weak acid and a very weak base, and in the case of ^ater 
this is borne out by the fact that the dissociation is so small that in 
10 million litres of water at 25 ° there are'only one gram of hydrioiis and 
17 grams of hydroxyl-ions. The water is neutral because the two kinds 
of ions are present in equivalent quantities. 

Water, therefore, may function either as an acid or a base, and may 
he called an amphoteric substance. 

The most common amphoteric substances are orgatiic compounds which 
, .contain both acid and basic groups in the moleffules. Take, for example, 
aminoacetic acid, NH2.CH2.OOOH, As an acid this will disBO<nato in 
accordance with the equation : — 

NH,,CH,.COOH^NH,CH,.(;()()' + H', 

and with NaOH will form the sodium salt, NH2.CH2.0()0N!\, which A\ill 
dissociate in s^ution*thus : — 

NHj,.ClL.CO()Na NH,.CIl,.COO' + Na*. 

Tfce NH 2-group, however, confers alkaline properties on the compound, 
8o»that it will combine with hydrochloric acid to form a salt, the hydro- 
cMoride. It may bo considered that when dissolved in •water the -NH,^ 
group combineH with water to form the group - NH ,OH, just jus jimmonia, 
NHg, when dissolved in water gives NH^OH, and basic disso(‘i.ition will 
then take place in accordance with the equation: — 

.NH3OH . 

CII,^ -fOir. 

COOH ^COOH 

With hvdr(K-hlori<' acid tho hydrochloride will then be formed, which will 
dissociate in accordance with the equation: — 

.NH3CI ^ ^NHj* 

cii, +cr. 

^COOH ^COOll 

From its constitution it necessarily follows that water must 1 h* equally 
strong as an acid or Jis a base. In the oas** of aminoacetic acid (oi- jis it 
is commonly called, glycine*) the matter is diffiirent; it is about ^00 times 
stronger as an acid than a base, the relati\.» strengths lieing in the 
proportion of 1-8 x 10"^° : 2*7 x at 25 °C. Jt follows therefore that 
when dissolved in water tho solution will he acid, exwss of liydrions, 
H', being present owing to the acid dissociation. If an electric current 
were passed through the solution the hydrions would wander to the 
cathode, whilst the negatively charged ion, the anion, would wander to 
the anode, t 

It is a property of tho dissociation equilibrium of water, that the 
products ^f the concentrations of the ions, that is [H’] fOH'], where the 
square brackets indicate the concentrations, must be constant at a given 
temperature; the value of this constant is approximately at 25 ®(^., 

the concentration of the individual ions (in pure water) being 
respectively. This must also hold wken other substanoes are dissolved in 

•This must not be confused with the photographic develop* r which Ih a 

substituted amino-acetic acid. , j. • 1 . 

t In this elementary treatment of the subject the complications due to the formation of 
internal salts, etc. are left out of consideration, so that the statements made are of a 
qualitative rather than of a quantitative nature. For a^ full discussion of the theory of 
amphoteric electrolytes, reference may be made to various papers V>y Sir James Walker 
(Proo. Roy. Soc., 1904, 78, 166 ; 1904, 74, 271). 
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the wa|er. It follows that in the solution of glycine, where the con- 
centration of the hydrions is much greater than 10~^, sinc^e the solution 
is slightly acid, the concentration of the hydroxyl ions must Ik^ 
less than 10“'', that is, the basic dissociation is' very much suppressed. 
Ii will 110 ^ be completely suppressed since there must always be sufl&cieiit 
OH' ions present to give, with the H* ions, an ionic concentration product 
of 

SupposS, now, gradually increasing quantii*ios of hydroclilonc acid are 
added to the solution ; what will happen ? This can best be understo^icl by 
anafogy. As is well known, when sodium acetate is added to a solution of 
acetic acid the acidity of theosolutioii is diminished, a result which can 
be predicted theoreticall}’ and which depends on the fact that acetic acid 
is a weak acid, whilst sodium acetate, which contains an ion in common 
with acetic acid, namely the anion, is strongl}’^ dissociated. The 
diminished acidity of the solution is duo to the throwing back of the 
dissociation of tho acetic acid, whereby hydrions disappear. An, exactly 
similar thing would happen to the acetic acid if the common ion, hydrion, 
were ad(lvd<.to the solution, that is, if hydrochloric acid, wdiich is strongly 
dissociated, were added. In contrast with the addition of sodium acetate 
to acetic acid, the iiccessitj' cf adding hydrochloric acid to acetic acid 
ill analytical practice would never arise. 

Now return to the case of the addition of hydrochloric acid to a solution 
of gly<-ine (aminoacetio acid). A.s has already been seen, in ariuoous 
solution glyciiK* dissociates mainly as an acid and only to a very slight 
extent as a base, that is, of the glycine ions which are present, the major 
^NHaOH 

part consist of negative ions CHj , and only a very small part of 

^COO' 

positive ions, CHj *. On adding increasing Quantities of hydrochloric 

^coou 

acid the dissm’iation of the glycine as an acid will be more and more 
suppressed and eventually a point will lie reaclud where the ai-id 
dissociation ha^< been so dimnii.shed that it has bwonu* eijiial to tin' 
basic dissociation, that is, tbero w'ill 1 h‘ an equal iiumlx'r of positive and 
negative glycine ions in the solution. If an electric current wore now 
passed through the solution, tliere w’ould be no difFeroritial waiuh'ring of 
the glycine ions to the anode or cathode, that is, tln'ri' would he no 
definite wandering with the current. 'When in this condition tlu' glscinc 
is said to b(' isoclecfnc and the solution is said to he at the isovlectnc 
point. 

If further quantities of hydrochloric acid are now added to the solution 
tlie acid disscM'ialion of glycine is completely suppres-sed and tlie substance 
begins to function as a base, tho hydrochloride being formed in act'ordance 
with tho equation 

^NHaOll ^Nll.Cl 

CH. -fHCl = cn, + H.O. 

^OOOII '^COOH 

Although the constitution of gelatin has not yet been worked out, it is 
known that it can function as an acid bt*cause of the presence of 
carboxyl, -CX)OH, groujDS, and as a base Inxiause of the jireseiice pf junnu), 
-NH.,, groups. In most cases it scicms to act either as a monobasic acid 
or as a monoacid base, so that neglecting complications due to the presence 
of polypeptide linkages its formula may be represented thus: — 

^NHaOH 

G or (t . It is thus an amphoteric substance and its 

^COOH ^COOH 

* It is not very probable that one and the same ion can possess positive and negative 

^Nll3 

charges at the ^amc time, that is, that an ion such as can exist. 

COO' 
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behaviour will depend on whether the conditions are such that it functions 
as an acid or a base. ^^B^ailsfol'd Robertson has developed a theory that it 
is the polypeptide linkages, — COH:N— , in the molcxHile whie’h router 
acidic and basic properties on the proteins and has published a large 
book— “ The Physical Chemistry of the Proteins on the sulyect; later 
work, however, seems to show that his theory is not valid. ^ 

As an amphoteric electrolyte, or, shortly as an ampholyte, j^elatin is 
more acid than basic in character, so that in pure aqueous solution it 
will dissociate thus: — 

^NHaOli .NII3OII 

• +H-. 

^coon ^cx)()' 

The gelatin molecule (minus hydrion), thus possesses a negative chaigi 
and .should wander to the anode if a solution is eloctroly.sed ; this is found 
to be the case. If increasing quantities of acid, th^t is of hydrion, art' 
now added to the solution the gelatin should firs^ change to the isotdectric 
•condition, where it \Yil] not wander with the current, and^ afterwards 
should function as a base, so that it will bo positively charged and wander 
towardiS the cathode. This is shown to be the case by tin' following 
experiments (Pauli, Kolloidcheinir der Eiwekalun jK r, p. 33.) The experi- 
ments are probably due to Michaelis and Grineff (IhiK'hem. Znlsdir., 
1912, 41 , 373).^ The <;^>nceritrations of hydrion (Cil) given in the table are 
expressed in gram-ions per litre. (1 gm-ion of H* v\x‘ighs 1 gm, ol OH' 


w^eighs 17 grams, etc.) 


Cti 

(ielaiin wanders to •- 

0-45 X 10-5 

*anode. 

0-9 X 10-5 

anode. 

1-6-3-5 X 10-5 

no wandering. 

3-6 X 10-6 

cathode. 

7-2 X 10-5 

... cathode. 

The moan of Michaelis and Grineff’s results 

gives Oil = 2-5 x JO ® as the 


isoelectric point of gelatin. 

Another' way of stating this value of Ch ” 2-5 x 10 whicli is now 
commonly used in the literature, is as foUow's: the logarithm ol 
2-5 X 10-5 is 5*39794, or -4 60206, t.e., -4-6. The isoelectric point is then 
said to have the value of Ph or pH = 4-6. It is now commonly accepted 
that for gelatin the isoelectric point has pH = 4-6-4-7. Since the nega- 
tive value of the pH is tlie logarithm of the concentration of the hydrion 
it follows that the greater the numerical value of jiH the less acid is the 
solution. 

It can he shown (Michaelis, Biochem. /j€ifschr., 1912, 47 , 251 : Sorensen 
Brochn. <1. FhysioL, 1912, 12 , 503) that at the isoelectric point the pro- 
portion of electrically neutral particles, that is, of undissneiated mole- 
cules compared with the ions is a maximum. At such a point, theiefore, 
gelatin or any other amphol.vte, should possess very distinctive properties. 
Hardy (Jour, of Bhyswl., 1899, 24 , 288) was the first to point out the 
peculiar btihaviour of substances at the isoelectric point and showed that 
it was at *th(lt point that suspensoid colloids coagulate and precipitate. 
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^ELATIK AS AN AlfPHOTEBIO ELSCTBOLYTE 

Before dealing specially with the properties of viscosity, swelling, 
ete , and the methods used in their measurement^ it will he of advantage 
to detail some of the results obtained in investigations which have taken 
into aocornt the amphoteric nature of gelatin. The investigators who 
have made noteworthy advances in this connection are Loeb (U.S.A.), 
Pauli (Ajistria) and Procter (England), an4 it will perhaps conduce to 
clearness if their results are dealt with sej^arately, since, to a very great 
extent they have worked independently of each other. In the ladt few 
years Loeb has probably contributed most towards clarity of ideas on the 
subject of gelatin, and his wolk will therefore be dealt with first. 

Loeb’s Investigations. 

In a series of papers published in the J. Biol. Chem. (1917, 81 , 342; 

1918, 38 , 531; 1918, 34 , 77, 394, 489; 1918, 85 , 497) Loeb called attention 
to the fact that the action of various salts on gelatin must be treated 
first as a chemical reactien, which reaction then determines the behaviour, 
of the g(jJatin as regards its physical properties. In these investigations, 
however, no ac<iount was taken of the hydrion concentration, that is, of 
the pH of the solutions used, so that it is not necessary to discuss them 
further. In all his later papers the pH of the solutions used has been 
determined and tho values connected up with the various properties of 
gelatin. These later papers are to he found in the ff. Gen'!! Physiol., 1918- 

1919, 1, 39, 237, 363, 483, 559; 1920, 3, 85, 247; 1921, 3, 391, and'a summary 
of most of them is given in Science, 1920, 62, 449. 

Throughout his investigations Loch makes use of a powdered, unbleached 
gelatin, in order to expose as large a surface as possible to tho action 
of various solutions, so that equilibrium will be quickly obtained. The 
method of making isoelectric gelatin has been gradually improved, and 
the final methods used are as follows, the method chcxsen depending on 
the succeeding operations to be carried out. 

(A) 25 grams of powdered gelatin having a pH of about 7*0, that is, 
of the same hydrion concentration as (Xlj-free distilkd water, are put into 
1 litre of M/128 acetic acid for 30 minutes at 10°, after which time 
tlie acetic acid is renewed and left in contact with tho gelatin again for 
30 minutes at lOO. The acid is then decanted and replaced with distilled 
water at about 5°, after which the mixture is filtered in a Buchner 
funnel through muslin, using slight suction. The gelatin is then washed 
six times with 100 cc. of distilled water at 5° and made into a 5 per cent, 
solution (by warming with distilled water) which wu’ves as a stock solution 
of isoelectric gelatin, the pH being about 4-7. 

In using this solution for such measurements as viscosity, osmotic 
pressure, etc., some of it is heated to about 450 and made up to a 2 per 
cent, solution in quantity sufficient for a day’s experiments, this 2 per 
cent, solution being kept during the day at 24*^. To 50 cc. of this 
solution is added a sufficient quantity of the desired acid or alkali, the 
effect of which is to be investigated, and the volume is made up T>o 100 (c. 
by the addition of distilled water. The pH of each solution investigated 
is determined by Sorensen’s indicator method, or by means of a gas chain. 

(B) Dry powdered gelatin of pH = 7*0, and the grains no longer going 
through sieve 50, but going through sieves 40 and 30, is taken for the 
experiments. Quantities of one gram each of such gelatin "ari^ put for 
one hour in M/128 acetic acid at lOO to bring the gelatin to the isoelec- 
tric point. The mass is then put on a filter and washed five time with 
25 cc. each of distilled water at 5°. In the weak acetic acid and during 
the washing the gelatin is stirred continuously. This isoelectric gelatin 
can then be used for swelling experiments in different solutions, or melted 
and used in 1 per cent, solution for viscosity and other measurements. 

Isoelectric Gelatin. 

A 1 per cent, solution of isoelectric gelatin is at first transparent. 
After some time, which is the shorter .the lower the temperature, the 
solution becomes opaque and in the course of time (weeks or months) a 
precipitate may deposit. This does not happen in every case, possibly for 



57 


the reason that precipitation will only occur at a very definite and 
with a slight deviation from this point on either side there will be only 
opacity at room temperature. Raising the temperature again gives a 
clear solution- The eettfing of the solution to a gel is a different process 
fiom this precipitation, since no cloudiness or opacity need be, connected 
with this latter phenomenon. * 

At the Isoelectric Point gelatin practically does not swell, has a minimal 
viscosity, electrical conductivity, etc., and has practically nd osmotic 
pressyre. 

From the consideration of gelatin as an amphoteric electrolyte, * the 
isoelectric point of which is at pH = 4-7, .it follows that in solutions of 
pH greater than 4*7 the gelatin will be present as an anion and will form 
salts with cations, giving the gelatinates ; similarly, in solutions of pH Uvss 
than 4*7 it will act as a cation and form salts with anions, as for exam pit , 
with the chloride ion, giving gelatin hydrochloride. At the isoelectric 
point it, has neither acid nor alkaline properties aivl therefore will not 
combine with either anions or cations. This has been proved as follows ; — 

Separate quantities of 1 gram each of powdered gelatin (goi/ig through 
sieve 60 but not through 80, and of pH about 7 0) were brought to 
different hydrion conccrntrations by putting them for one hour at 
iuto 100 cc. of nitric acid solutions varying in concentration from M/8, 
M/16, M/32, . . . . down to M/8192. After filtering and draining, the 
separate porticos weiv) waslied once, or twice w'ith 25 cc. of cold water at 
5^ or less, to remove remnants of the acid between the grannies. The 
separate quantities of gelatin, which now possessed different pH’s, were 
then put for one hour into beakers containing the same concentration 
of*8ilver nitrate or sodium bromide, e.p., M /64, or M/16 or M/B, the 
teAperature being 15®. They were then filtered anej washed six to 
eight times, each with 25 oc. of ice-cold water, in order to remove the 
silver nitrate held in solution between the granukvi (the silver in csom- 

bination with the gelatin is not removed by such washing, or at least 

only very slowly by altering the pH). Ice-cold water was used for 
washing since otherwise the granules would coalesce and the washing 
would be incomplete. Each quantity of gelatin was then melted at 40® 
and made into a 1 per cent, solution whose pH was measured, and which 
vas then analysed for silver or bromine. 

In the case of silver nitrate the re-sulis obtained are illustrated by the 
following figures : — 

cc. 0*01N-Ag in combination with O’ 25 gram of gelatin at different pH. 
pH ... 3*6 3-7 3-9 4-1 4-3 4-C 4*7 5-0 5*3 .5-7 6 ! 0*4 

cc. ... 0-5 0-3 ()-3 0-2 0-2 0*2 0-55 1*25 3*2 4'0 4*85 4’9 
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The^lp results, which are plotted in Fig. 1, show that whera the gelatin 
is present as anion, that is at a pH greater than 4*6-4*7, giving silver 
gelatinate, tho silver is not removed by washing. If the washing had 
been more thorough there is no doubt that all the silver in concentrations 
with pH^less than 4*7 could have been washed out of the gelatin. The 
retaining of the silver by the gelatin at pH greater than 4*7 is further 
well shown by the fact that if t<^at tubes containing samples of the various 
gelatins *are exposed to light, it will be found that those which are on 
tlio alkaline side of the isoelectric point blacken, whereas those on the 
acid side do not, hut remain transparent even wdien exposed to light for 
months or years. (Fig. 2.) • 

Using sodium bromide it can lie shown that bromine is retained on the 
acid side of the isoelectric point, owing to the formation of gelatin 
hydrobromide. (Of cour.se, gelatin nitrate is formed on the acid side if 
silver nitrate is used, but this is not easy to show by analysis.) 

• 

cc. 0*01 N-Br. in combination with 0*25 gm. gelatin at different pH. 

pH H’7 S*8 3*9 4*1 4*2 4*6 4*7 5*1 5*8 6*4 6*8 7*0 7 1 

cc. T-f} 7*4 7*1 5*0 2-95 1*4 0*1 0-15 0-2 0*15 0*2 0*1 0*1 

Correvsponding with these results it is found that if the properties of 

sw'cllirig, osmotic pressure, alcohol iir^'cipitation number, etc., are plotteil 
iis ordinat€‘s against the pH as absedssae, the curves, as shown in Fig. 1, 
all show a sharp minimum at the isoelectric point. ^ 

Similar tests can he made for any other cation or anion the pri’senee 
of wdiich can he easily demonstrated. Thus w’heii i)owder(;d gelatin of 
differeni pH is treated w'ith nickel chloride and the salt not in combina- 
tion is removed hv washing with ice-cold water, the presence of nickel 
can be demonstrated in all gelatin solutions with a pH greater than 
4*7 by using dimethyiglyoxime as indicator. 

Similar rcssults w'cro obtained with copper cocetate, the gelatin retaining 
its blue colour, that is, the copper, with a pH greater than 4*7, and 
losing it if the pH is less than 4*7. With potassium terrocyanide the 
gelatin retains the lerrcx'yanide on the acid side of the isoidectric point 
and loses it on tho other side. 

The behaviour of gelatin towards acid and basic dyes is interesting. 
A basic dye should l>e retained by the gelatin when it is functioning as an 
acid, that is, on the alkaline side of the isoelectric point w^here gedatin 
anions are present; on the acid side and at the isoelectric point the dye 
should readily be removed by washing. Experinumts w'ith the basic dye, 
neutral red, confirmed these predictions. Similarly, acid dyes, like acid 
fuchsin, combine with gelatin only when the pH is less than 4-7. 

So far it has been ehowii that the hydrion concentration of a gelatin 
solution determines the amount of combination wdiich o<TUrH, but no 
proof has been given that chemical combination does actually take place ; 
the ions may have b<*en simply adsorbed. Such proof has b'eein furnished 
as follows : — 

It i.s know'll from ordinary physico-chemical measurements that nitric, 
oxalic and phosphoric acids each dis.sociate as monobasic acids at ordinary 
concentrations. It should follow, therefore, that if decinormal solutions 
of these acids are used, three times as many ccs. of phosphoric an^ twice 
as many c<’s. of oxalic acid would be neciessary to bring 100 cx;. of a one 
per cent, solution of isoelectric gelatin to a given pH, e.g., 3*0, as would be 
required of nitric acid. On the other hand, sulphuric acid at such con- 
centrations dissociates as a dibasic acid, so that the volume of sulphuric 
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acid solution used should be the same as that of nitric acid solution 
of equivalent strength. The accompanying figure, Fig. 3, shows tfcat the 
experimental results are in agreement with the theory, if allownuce is 
made for experimental ^rror. 



pH 20 Z2 24 26 26 3.0 3t2 3.4 36 30 40 42 44 46 46 

Fig. 3. 


Exactly .similar results were obtained with the hydroxides oi lithium, 
sodium, pptrjesium, calcium, and barium, taking into account that the 
first three are mono-acid bases and the last two dissociate as diacid bases. 

Having established the fact that the combination between gelatin and 
acids and alkalis is of a purely chemkal nature, it should Ik? possilile to 
predict the influence of acids and ha.ses on the phy»sical proj»erties of 
gelatin. Thus, if the effects of the following acids, each of which di.s.so- 
ciates into two ions at ordinary dilutions, on the swelling of gelatin are 
compared at the same pH, the amount of swelling should be the same: — 
hydrochloric, hydrobromic, nitric, phosphoric, acetic, monochloroacetic. 
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dichloroacetic, trichloroacetic, oxalic, tartaric and citric acids. The 
accompanying figure, Fig. 4, shows that theory and experiment agree, 
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if one takes into account the large errors of experiment which occur in 
measurements of this kind. Similar results were obtained from the 
properties of viscosity and osmotic pressure, all of the curves showing a 
maximum at a pH of about 3-2. 

Sulphuric acid dissociates in solution giving a divalent anion, SO^'', and 
the figure shows that the values obtained are different from those with 
monovalent ions; the curve is of the same type, reaching a maximum at 
pH = 3*2, but the maximum attained is only about one-half of that given 
by the other acids. 

Similarly it was found that the swelling curves for lithium, sodium, 
potassium and ammonium hydroxides aie the same, as also those of 
calcium and barium hydroxides, but the latter are lower than the former. 

It is obvious from the above that the results are not in agreement with 
the Hofmeister series, according to which the curves for phosphoric, 
oxalic, and citric acids should be in the same region as that for sulphuric 
acid, but not in the region of the hydrochloric acid curve. A true com- 
parison of the action of different substances on gelatin can only he made 
when the pH of gelatin is taken into account. 

Ill the J. Gen. Fhyaiol. (1921, $, 391), T.K)eb deals especially with the 
question of the Hofmeister series and the difference in the effect of acids, 
alkalis and salts on proteins. Attempts have been made by various 
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investigators to explain why the influence of neutral salts on proteins is 
different from that of acids and bases. Pauli {Fortschr. naturwiss. 
Forschung, 1912, 4| 223) states that while acids and alkalis form salts 
with proteins, neutral^ salts form “ adsorption compounds ” with elec- 
trically neutral, that is, non-ionised protein molecules, both ions of the 
salt being {Simultaneously adsorbed by the protein molecule. *rhe above 
results of Loeb indicate, however,, that only one of the two ions of the 
neutral salt can combine a^ one time with the protein, and that at the 
isoelectric point no combination takes place. 

• » 

Statements made to the effect that ac^ds and alkalis increase, while 
salts depress the osmotic pressure of gelatin (Lillie, Arnrr. J. Vhysiol., 
1907-08, 20 , 127) cannot bo considered to be true, since no account was 
taken of the pH of the solutions. Also, it is not correct to .speak of m 
antagonism between the effects of acids and salts; it wouUl ho just as 
correct to say that there is an antagonism between much acid and little 
acid, since the viscosity, swelling, etc., of gelatyi increase to a inaxnmim 
, and then decrease as the coiioentrjition of the acid is increased^ 

Loeb is not in agreement with tlie idea of Pauli (sec later) that the 
swelling, increase in viscosity, etc., of proteins is due to the liydration of 
the protein ions present in the solution, and puts forward a theory that 
when acids or alkalis are added to isoelectric gelatin both ions of the acid 
or alkali infltftnce tffe physical properties of the gelatin hut in opposite 
directions. When acid is added the hj'drions increase, while the anions 
decrease the osmotic pressure and viscosity. With low coneentrations of 
acid the augmenting action of the hydrion on these properties increases 
m* 9 re rapidily with increasing concentration of the acid than ihc 
depressing action of the anion, wliile when the pH of*the solution falls 
below 3*3 or 3*0 the reverse is the case. This causes a drop in the curves 
for osmotic pressure, viscosity and swelling below a pH of 3 0. In the 
case of alkalis tho OH' ion.s increase the viscosity, etc., whilst the metal 
ions have a depressing effect. 

When, however, a neutral salt is added to isoelectric gelatin there is 
no effect as long as the concentration does not reach tho value retiuired 
for precipitation. If the salt is added to gelatin solutions on eitlier side 
of the isoelectric point, only a depressing action of that ioii which has 
the opposite charge to that on the protein ion is observed. 

1 per cent. Gelatin Solution of pE~A-0. 

The addition of sodium chloride solutions in concentrations varying 
from M/8192 to M/8 causes a continuous decrease in the viscosity. The 
pH of the solution is not altered by the audition of sodium chloride 
(A pH of 4-0 is obtained by the acidification to the proper extent with 
hydrochloric acid, so that the solution is one ol gelatin hydrochloridi' ^ 
If solutions of hydrochloric acid arc used instead of sodium chloride, tlie 
viscosity rises to a maximum with M/256 hydrochloric acid (tho pH of 
the solution is then about 3*0) and then falls as the concentration of the 
acid is further increased. Loeb interprets those results by saying that 
while the addition of hydrions increases the viscosity of a solution ol 
gelatin hydr,ochloride of pH = 4 0, the addition of .sodium ions does not 
have such* effect, but the chloride ion depre.sses the viscosity in botli cases, 
no matter whether sodium chloride or hydrochloric acid is added to the 
gelatin solution; the depressing action of the chloride ion.s increases with 
its concentration. 

1 per cent. Gelatin Sohition of pH =3*0. 

The addition of sodium chloride or hydrochloric acid in both cases 
causes a drop in the viscosity, tho concentration where a drop become-^ 
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very pronounced being with somewhat higher concentrations of hydro- 
chloric dbid than sodium chloride. 

The above results arc in accordance with Loeb’s theory, but it is 
possible to give an explanation of them based on (1) Pauli’s ideas of the 
hydration ^>f protein ions as distinct from the non-hydra'ion of the 
unionised protein molecule, and (2) on the suppression of the dissociation 
of a sal W -in this case gelatin hydrochloride — by the addition to the 
solution of a salt with a common ion. 


1 per cent. GelaUn Solution in* the Presence of Various Salts. 

It is found that the depressing effect on the viscosity of equimolecular 
solutions of the chloridce of sodium, calcium, and lanthanum, that is, 
of NaCl, CaClj and LaC!,, is in exact (?) proportion to the concentration 
of the chloride ions in the solution, that is, as 1 ; 2 : 3. [This, again, 
is wliat one would expect from the dissociation theory, but Loeh simply 
takes it a'- proof that ‘-’uch a depressing effect is due to the anions alone, 
f^ince they are oppositely charged to the gelatin ion, the cathion having 
no augmenting effect. 1 

Loeh further supports his idea that it is the anion which is responsible 
for lowering the viscosity hy experiments with sod’iim cb'onde, sodium 
sulphate and sodium ferrocyanide, it being shown that the higher the 
valency of the anion the greater is the depressing effect on the vis(;oe!ity, 
osmotic pressure and swelling. Apparently Loeh believes that such 
results (‘aiinot be explained hy the dissociation theory. It must ’»e 
rcffi<*niberod, however, that before the dissociation theory can be applied 
it IS msossary to know the kind of equilibrium which is set up when, for 
example, sodium sulphate is added to a solution containing gelatin, 
gelatin hydrochloride and free hydrochloric acid. At present onr know- 
ledge with regard to such equilibria is practically nil. 


Influence of Alhahs. 

in analogy to the cffecl ol acids it is shown that the addition of 
potassium hydroxide to sodium gelatitiate of pH = 12*0 depresses the 
viscosity in the same way and to the same cxtmit as the addition of 
jiotassium chloride; tlie addition, however, of potassium hydroxide to 
sodium gelatinate of ])H = 4‘8-8*0 increases, whilst the addition of 
potassium chloride depresses, the viscosity. The d(‘])ressing ellVct of salts 
on a metal gelatinate is due to the cation of the el(x*trolyte added, that of 
bivalent cations being greater than that of monovalent cations, tlu* valency 
of the anion having no effect. 

In coiisideriiig the question of salts and the Hofmeistcr senes, it must 
bo ri'niembiTcd that the addition of a salt to a gelatin solution wull in 
many cases alter the ]>H of tlie solution ; this alteration w ill be large in 
the case of certain salts, whereais in the case of others, r.f/., sodium 
chloride, it may be non-existent or very small. For a true comparison 
to be made hetwemi the action of various salts it is therefore necessary 
to compare tliem in solutions of the same pH, 

The following figure. Fig. 5, represents the depression of viscosity, in 
arbitrary units, ol a gelatin chloride solution of pH = 3*0, by different 
concentrations of salts with univalent anions, namely sodium chloride, 
sodium dihydrogen phospliate, sodium hydrogen tartrate, sodium dihy- 
drogen citrate and sodium acetate. The curve for sodium sulphate is 
added for comparwon to show the behaviour of a salt with a bivalent 
anion. (The monosodium salts of weaker dibasic and trihasic acids 
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dissociate into a sodium ion and a monovalent anion, e.o.. from 

NaH,PO,.) * 



° ® & && mSsSSMSS 4 2*” 


Concentration 

Fio. 5. 

Loeh’s valency rule dcinancls tliat ilu* iclativc (loprcssiiifi; <-Hcct oi 11 u'm‘ 
salts, with ill© exception ol sodinni siil]»liai.*\ should he tin* sanu'. This 
is apjinn'ntly only true lor sodium chloride and soilium dihydro”;en 
phospiiat-e, the other salts actiufz; in accordaiKs- uith tlie usual llotnieister 
series. This may possibly be due to the added salit> altering |lu‘ j>ll ol 
the solution, and the tollow inp; table, \ihieh p;ives the results ol ineasun'- 
meiits of the pH of tlicse various solutions juoves llnl this is the eaM‘. 
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Thus, neglecting .sodium sulphate, as long as the pH of the various 
solutions remains equal to 3*0 their viscosities agree; variation in the 
pH corresponds with an alteration iii the visi’O'.ity That it is this 
alteration in the pH which cau.'.es the abnormal beliavnmr, was turtber 
proved 1)\ the fact that if gelatin solutions (“ontaining sodium acetate 
in various concentrations are so made, hv the addition ol acetic acid, 

C 2 
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that the p(l remains the same, the curves for sodium chloride and sodium 
acetate are the same within the error of experiment. See Fig. 6. 



Fig. 6. 


(Sodium acolato was chosen because it shows the most abnormal 
behaviour.) Thus the statement that is often made that sodium acetate 
acts like sodium sulphate, which is interpreted to mean that the univalent 
acetate anion acts like the bivalent sulphate anion and not like the 
univalent chloride or nitrate anion, is incorrect; the anomalous effect 
ascribed to the acetate anion in colloidal literature is in reality due to 
the depression of the hydrogen ion concentration of the gelatin solution 
by the sodium acetate. 

Experiments on swelling gave the same results. 

Salts like disodium oxalate and disodiuni tartrate, which dissociate in 
solution giving two sodium ions and one bivalent anion, should, according 
to Loeb’s theory, act in the same way as sodium sulphate, that is, 
equivalent solutions should give the same lowering of the viscosity as 
long as the pH is the same. This is found to be the case. Also, the 
osmotic pressure, viscosity and swelling of sodium gelatinate should be 
depressed by the cation of a salt, and the more so the higher the valency 
of the cation. This was found to be true for the swelling of sodium 
gelatinate of pH = 9*3, the depressing effect of sodium chloride being half 
as great as that of sodium sulphate of equimolecular concentration, while 
that of calcium chloride is considerably greater owing to the fact that 
calcium is bivalent. 
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In the experiments quoted in the above paper the couceiitrafions of the 
salt used were in most cases not greater than M/16. Now at con- 
centratione of salts which are in the neighbourhood of M/16 the values 
of the properties or viscosity, swelling, etc., of gelatin are near the 
minimunX characteristic of the isoelectric point, and it therefore follows 
that it is not safe to draw conclusions concerning specific etfocts of ions 
on the swelling, etc., of gelatin wdien the concentration of ek'ctrolytes in 
solution exceeds M/16. 

In two later papers (J. Gen. Physiol.^ 1921, 3, 557, 667) Loeb measures 
the potential difference which exists uiukr equilibrium conditions between 
a solution of gelatin hydrochloride eoiitained in a collodion bag and an 
outside aqueous solution (without gelatin); the depressing etleet of 
neutral salts on the potential difference was also dctermineil. li is 
found that the depression of the potential difference by the salt can be 
calculated fairly accurately on the basis of Noriiiit’s theory (logarithmic 
formilla) and the assumption that tlie potei5»tial difference which I'xists 
at the point of equilibrium is due to the difference bt'twcc^i ^he liydrion 
concentration on the opposite' sides of the menihraiie. Since the diiF<’rcnre 
in concentration of the hydrion on both .sides of the membrane is due to 
the Donnaii equilibrium (s<'<' later; Prm-tcr's investigations), it can be 
readily deduced that the diliVrence in potential should also he calcnlahle 
from the di^erence, in the comicntralion of the chloride ions on tlie two 
.sides of the membrane, and this is found to Iw the c:i'<e. 


It is shown that the influence of the hydrion concentration on the 
potential difference of a gelatin hydroclilorid(' solution is .similar to the 
fffect it has on the osmotie pressure, swelling and \i.scosity oi gelatin 
solutions. Because of this similarity it should iollmv that since the 
Donnan eciuilibrium determines the iiotential diflerence it should also 
determine the osmotic pressure, viscosity and swelling. Loch endeavours 
to bring evidence in support of this for osmotie pre.s.sure in Gen. 
Physiol., 1921, 3, 691, and tor \ iseosity in iht<l 1921, 3, 827 ; 1921, 4, 73, 97. 
In the papers on vis<-osity it is pro\ed that the viscosity ol suspeii.sions 
ol powdered gelatin in w’aler is inlkiciiced by electrolytes in tin* same 
way as the viscosity of solutions of gelatin. 

Attention may also be called to the following papers wl.i el. refei 
indirectly to the amphotciic character ol gelatin: J . (,vn. I hyswl 1J20, 
2, 255, 273; Science, 1921, 53, 77. Other lesiil^ obtained l.y Lo.d. mil bo 
referred to in the later sections. 


I’AVl.r.S I NVr.S'llU \'110NS 

Panli and his co-workers have published a l.nge number of papers on 
proteins in Archiv^ in Ibc JioUom Zci/.sWiy/f, and in the 

Biocheniische Zeifsehrift, the first paper, wliicli wa^ imblished under tlm 
name of Pasc'heles (Pauli’s original nam-) being puh • 

Recently Pauli has published Part 1. ol bin ‘Wio/hndr/,cmie r/rr 
Eiweisskorpcr,,^' which contains a nummary and a discussion ot a huge 
portion of his work, although a considerable ainoinit remains to he dealt 
\vith in succeeding parts. 

Pauli’s publications deal not oniy «itb gelatin, hnt to a very largo 
extent with other proteins (various sera, globulins, casein, etc.) which 
behave analogously to gelatin in many respects; ohscrvationa on gelatin 
are scattered through the various papers. 

For the first 10 years or so the off(s-ts of various salts, acids and bases 
on the swelling, viscosity, etc., of gelatin were investigated without 
paving particular attention to its amphoteric nature, but in the more 
recent' work the exact methods of physical clicmistiy have been 
towards a solution of the various problems. Ihesc later results will be 
dealt with first, since the earlier results are best discussed in the light of 
later observations. Many of the statements made in what is to follow 


3G296 
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will bo unclerstood from what has already been said in connection with 
Loeb’s investigations, so that detailed explanations will not bo necessary. 

Throughout his work Pauli makes the assumptiof. that when gelatin 
for other protein) combines with electrolytes added to the solution, the 
gelatin salt formed dissociates, and the ions of gelatin which result are 
hydrated. l,t is the hydration of the gelatin ions which gives rise to the 
increase in viscosity, etc. Since the dissociation of gelatin as an ampho- 
teric eWitrolyte is a minimum at the isoelectric point the viscofeity should 
also ho a minimum there, which corresponds with the facts. As acid, 
for example, hydrochloric acid, fs added in increasing quantities to the 
solution, the amount of gelatin hydrochloride, and therefore of gelatin 
ions will increase, so that the viscosity will increase as the pH diminishes. 
All the acid, however, does not combine with the gelatin, and after a 
time the amount of uncombinod hydrochloric acid is such that it begins 
to throw’ hack the disso?‘iation of the gelatin hydrochloride, Ooiisequently 
there should be a maximuin amount of dissociation of the gelatin salt 
and a corresponding maxiinnin in the viscosity, which is in accordance 
with the experimental results. 

Isovh'ctric Gelatiii. 

Soon after Mndiaelis and ClnnefF (Biochem. Zf'il uchi 1912, 41 , 
had proved that the isoelectric point of gelatin was ^\t pH!- 4'7, Pauli, 
wiili Matiila and Saiiiec i^Kolloulchcmie <h‘r Euveisshoipn', p. 32; also 
KoUoid Zeifschr., 1913, 12 , 222), showed that when the myessary hydrioii 
concentration in the solution was obtained by the addition of a mixture 
of sodium acetate qnd acetic acid, viscosity and swelling were a miiiimnin 
at the iso(*lectric point, w'hilst the precipitahility with alcohol was most 
pronounced. On either side of the isoelectric point, the viscosity and 
swelling in<;reas<‘d with alteration in the pH, the increase being the more 
rajiid as the pH diminished, that is, as the solution heoame more acid. 

It can bo showui theoretically, that at the isoi^lcctric point the dissocia- 
tion of an amphoteric ele<;lrolyte (mono-acid base and mono-basic acid) 
is independent of the dilnlion, that is, that the hydrion <*oncentration i^ 
independent of the coneentralion of the solution, Tt should follow, there- 
fore, that the minimum vis<‘oKity aiul swelling should h('. at tlie same pH. 
independent of the concentration of the solution as regards gelatin. This 
was found to he the case when the solution wats nnuh' isoelectric by means 
of the sodium acetate -acetic acid mixture (Pauli and IVIatuia, Kollo id 
Zditschr., 1913, 12 , 222) hut wdtli sulphuric acid the point of ininimuin 
viscosity was iouiid to alter in the direction of increasing eoncmitration 
of the acid a.s the gelatin concentration of the solution in(‘,rea.sed (Pauli 
and Sainoc, KoUoiilrhcmte dcr Eiwi'iMskoi per, p. 35), In the case o! 
serum albiiiiiin it was found that the concentrations at which minimiini 
viscosity ocx'urred varied wdth the acid used, the at'ids being hydrwhlorie, 
snlpliuric and oxalic. Since the uiijUTiuim viscosity, etc., should corre- 
spond, according to Pauli, wuth the maximum number of neutral particles 
of the protein in solution, Pauli draw’s the conclusion that this maximum 
numher does not ocTUr at the isoelec-tric point in the jiresence of strong 
acids. Other evideii<*e is adduced in support of this conclusion, and it 
would follow that gelatin do«>< not hchavi' in exactly the- sqmo way 
towards strong and weak acids, show’ing a higher basicity towards the 
former than the latl-er. Such a conclusion does not agree with Loeh’s 
results. As far as the vi.scosity measurements (relative to that ot watei ) 
of Pauli are concerned, an accuracy to the third place of decimals is 
assumed, and the conclusions draw’ii from the results are only valid if 
this assumption holds. It is very doubtful, how’cver, whether the 
viscosities of such substances as gelatin can be measured so accurately. 
Moreover it is difficult to see why, in such low concentrations of acid as 
are necessary to give isoelectric gelatin, strong acids should behave 
differently from weak acids (compare Wintgen and Kruger, KoUoid 
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Zeitschr., 1921, 28, 81; Wintgen and S^ogel, ibid, 1922, 80? 45. These 
papers also give the following references to earlier literature on the 
behaviour of gelatii^ towards acids Hoffmann, Zentrh. /. Idin. Mnhzin, 
1889, p. 773; 1890, p. 521; Cohnheim, Zeitschr. f. Biul., 1896, 33, 489; 
GuttenbVg, Muenclienn med. ^yo(■hensrhni^. 1896, 43, 14?). 

Gelatin Salts with Acids^ • 

In these experiments Pauli made use ol electrode potential ^easuie- 
iSent^ in order to deterniino, when hydrcKhlonc acid, lor example, was 
used, what proportion of the hydrions and of the chloride ions was bound 
by the gelatin. 

Using such methods, Bugarsky and Lieliermann {Archiv. J*'h\'"iol., 
1898, 72| 51) had deduced that the compound formed hetwci'n ]n(»teinv 

^nh,ui 

and .hydrochloric acid, c.g., G for gelatin, was verv liiile 

■^COOH 

/ • 

disso'ciated. This was disputed by Brailsford Bobertson and definitely 
show^n to be incorrect by Manahe and Mntnhi {liiochvm. Zeitschr.. 1913, 
52, 369); compare also Chiara {ibid., 1911, 33, 167). Their re.suUs are 
best indicated in the following diagram. Fig. 7, for a 1 per eemt. solution 
of gelatin.^ The ordinates rejireseiit the concentration of the “bound” 
ions and the abscissae the concentrations ol tlie acid used. 



If the hydrions and chloride ions are completely bound by the gelatin 
the curves for both should coiiwide with the (IoIUmI <urvc. The figure 
shows, however, tliat the chloride ions remain prailically free at all the 
concentrations investigated fu]) to 0 05 N-HC’I); the hydrions are c()m- 
pletely bownd up to a coiK’entration of about 0-005N, above wliich 
concentration the proportion bound bcc(>mes less, ultimately a|)proaching 
a maximum quantity independent of the concentration of the 5i<^id. 
The results therefore give a definiU' proof that a salt is formed which is 
almost completely dissociated in accordance with the scheme. 

^IsH,Cl . ^NH,* 

G +cr 

'^COOII '^COOH 

excess of acid up to 0 05N H('l not appreciably diminishing the dissocia- 
tion of the gelatin chloride. 

:ir)29r, ^ ^ 
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In the case of serum albumin (1*09 per cent.) it is found that excess 
of acid above 0*02N begins to suppress the dissociation of the chloride 
formed; there is thus a maximum degree of dissoofation, which occurs 
at a definitecconcentration of hydrion, and if the viscosity depends on 
the dissociation, that is, on the concentration of protein ion4, it ako 
should bo a maximum at this point. This is found to be the case with 
horso serum. Similarly the precipitability with alcohol should go througli 
a maxipaum which again is found to be true. (Schorr. Biochem. ZeiUchr., 
1911, 37, 424.) 

Tu the case of gelatin, however^ the dissociation of the gelatin chloride 
doc'^ not go through a maximum, at all events up to a concentration of 
0-05N HOI, but nevertheless the viscosity shows a maximum. This 
maximum occurs in the presence of 0-006N hydrochloric acid with a 
0-3 per cent, gelatin at 30^, 35° or 40°, and with a 0-lN hydrochloric acid 
for a 1 per cent, solution of gelatin at 35° (Pauli and Falek, Biochem. 
Zeitschr., 1912, 47 , 270). For gelatin, therefore, the (jonneetion beiween 
viscosity anil '' dissotuation does not seem to hold. Since, however, the 
connection holds for other proteins, it is reasonable to suppose that it is 
also true for gelatin, and that the discrepancy may be due to some error 
in the determination of the chloride ion in the case of gelatin solutions. 

IMeasurements with other acids (sulphuric, acetic, trjchloro}’cctic, citric, 
and oxalic acids, etc.) have been made (Pauli and Hirschfield, Biochem. 
ZeiUchr., 1914. 62 , 245; Pauli and Handovsky, ibid., 1909, 18 , 340), but 
in these cases there is so far no satisfactory method of determining the 
concentration of the anions, so that it is difficult to draw quite satis- 
factory conclusions from the results. The matter is also all tlui more 
complicated by the occurrence of considerable hydrolysis, but, in general, 
it may be stated that the results are in accordance with the amphoteric 
character of the proteins. 

An interesting paper from Pauli’s laboratory (Clasel and Matula, 
Biochem. Zcifschr.y 1914, 58 , 417), is ni ooniuvlion with doaminogelatiu, 
which is obtained from gelatin by treatment with nitrous acid, the 
terminal-NHy groups being thereby removed. If the basic character of 
a gelatin is due to the-se torminal-NH.^, groups, their removal should give 
a substance which is non-basic in character. It is found, however, that 
it still jmssesses a distinct combining capacity for hydrochloric acid, 
although less than in the case of gelatin itself. This indicates that the 
internal peptide linkages can function as acid groups, in accordance with 
the scheme : — 


^TT 

- 0 - N ~ + HCl - C - N— 

11 I II I 'vCl 

OH OH 


In direct contradiction to gelatin, however, this combination with acid 
does not lead to any increase in the viscosity of the deaminogelatin. The 
salt formed is dissociated, and it therefore follow's, according to Pauli’s 
theory, that the ions formed on dissociation are not hydrated, as they 
are when the salt is formed by combination of acid with the terminal “NH^ 
groups. Deaminogelatin does resemble other proteins, however, in that 
the point of maximum difference between the bound hydrogen 'and chloride 
ions corresponds with the minimal precipitability by phenol. 

Oekitin Salts irifh Bases. 

The combination of proteins wdth the bases can only be determine<l 
ohH'trometrically by measurement of the hydrion concentration of tho 
solutions. Tho concentration of the hydrions gives a measure of tho 
hydroxyl ion concentration, since in all solutions the relation [H* ] [OH'] 
- const (= 10“^* at 25°) must hold. The results obtained (Handovsky, 
Biochem. Zeitschr., 1910, 26 , 510; Chiari, ibid, 1911, 83 , 167 ; Schorr, 
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Ini'?’ * 47, 270; -VlaKnor, ibid, 

1921, 104, 190) admit of a similar interpretation to that given for the acid 
, , , , ^NHjOH 

salts, namely that the salt formed, e.g., G dissociates in solution 

\ GOONa 

^NHsOH 

into ^ corresponding with tips dissociation 


which is accompanied by hydration of the gelatin ion, there is ay altera- 
tion in the viscosity and precipitability by alcohol. With increasing 
concentration of alkali there w’ill he a fioint at which the dissociation is a 
maximum, since at higher concentrations thu dissociation of the gelatinate 
will begin to be suppressed. Corrcspondiiig with this maximum dissocia- 
tion there is a maximum viscosity and a minimum precipitability with 
alcohol. 


Gelatin, Acetic Acid, and Ammoriium Hydmnde. 

Under ordinary circumstances the dissix'iatioii of a weak aeid liko 
acetic acid or a iveak base such as ammonium hydroxide, is so small that 
in order to make comparisons with strong acids or bas(*s it is iK'C'essary 
to have a^ery djlnte solution of the strong acid or base, and a strong 
solution of the weak acid or base, if solutions of the same ionic concen- 
tration are to be obtained. For example, a 0-002N solution of hydro- 
chloric acid has the same hydrion concentration as a 0’2N solution of 
, acetic acid. With such strong solutions of acetic acid il is possible that 
effects other than the mere combination of the gelatin, as a base, with the 
acid plays a part. This is found to be the case, the fesultts obiaiiied with 
acetic acid (Pauli and Hirsebfi'ld, Hiorhem. Zcit.schr.., 1914, 62, 245; Loeb, 
J. Gen. Physiol., 1920, 3, 85, 247) being abnormal; albumin, for example, 
apparently <‘onibinoe with four turn's as nincli aei'tic a<*id (0-2N) as it does 
with hydrochloric acid (0-002N). Similar abnormal results have been 
found with ammonuim hydroxide as eompan'd with sodium hydroxide 
(Pauli and Spitzer, Kolloidchemie der Eiweisskorper, p. 77). 


Combination of Gelatin xnith SaJts. 

The salts so far investigated have bc'en potassium chloride (Pauli and 
Oryng, JHochetii. Zeilschr., 1910, 70, 368) and silver nitrate (Pauli and 
Matula, ibid., 1917, 80, 187). The gelatin used was dialysed against 
distilled water for several weeks at 10° so that presumably it was on 
the alkaline side of the isoelectric poin^ although measurements of the 
pH of the gelatin and of the various soIntlo;l^ were apparently not made. 
The results do not admit of such a. elear inlerp. elation as do tlioso obtained 
by Loeb, nor arc they in complete agreement with tlie same. 

Potassium Chloxide. 

Electrometric measurement had to be carried out by means of a mercury 
electrode containing mercurous chloride; this introduced various complica- 
tions which had to be corrected for, and it is not certain to what extent 
these c*orrections are satisfactory. 

Quantitatively, using potassium chloride varying in concentration from 
O'l to O-OOIN, the results showed that chlorine is taken up by the protein 
to a very large extent at the lower concentrations of tho chloride, but 
that the combination decreases relatively with increasing concentration, 
approaching a limiting value which, for 1 per cent, gelatin is approxi- 
mately at 0‘05N potassium chloride solution. It was further found that 
in the presence of potassium chloride (the concentrations are not stated), 
the direction of wandering of the gelatin to the electrode (it wanders to 
the anode) was not altered. 
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Pauli asfdmes that th© potassium chloride can combine with the gelatin 
^NHsCl 

giving u salt such as G which mav then undergo hydrolysis. 

'^COOK 

according to l^ie scheme: — 

, ^NHaCl ^ ^NHaOH 

+ li,0 X C» ‘+HC1 

^COOK ^COOH 

n 

.NH. 

G + HjO 

"^COOH 

It may also undergo ^ordinary dissociation. From tho cataphoresis 
(electrical wandering) experipieiits and from the fact that the viscosity 
of tho solutiopH^ is not much altered by th© addition of potassium chloride, 
Pauli and Oryng draw the conclusion that the ions of the gelatin ^alt 
formed are not strongly hydrated and that anion and cation are present 
to the s.amc' (*xtont. 

Tli(‘ above conclusions are, of course, ((uite at variance with Loeb’s 
ideas. .'\<'tiially, however, if Loeh's theories arc assuni'ed toi‘h(‘ correct, 
the results ot Pauli and Oryng can be explained as follows. — on tlie 
alkaliiK* 6iide of the iso('k'ctnc point the alteration in viscosity with 
increase in tho pH is relatiV(‘ly small compared with the alteration which 
takes plaee with diminishing pH on the acid side {compare Loeb, J. (kn, 
PhiimoJ., 1920, 3, 85,. 247; 1921, 3, 391). Assuming that the gelatin had a 
pH ot 7, its viscosity would not be much greater than gelatin with 
jiH' 4-7, and therefore addition of potassium cliloride would have very 
little ellect, since la x'l) has shown (J. (ini. PhiiHiol,. 1921, 3 , 402) that th© 
addition of potassium chloride to sodium gelatinate of pH 4-8 8-0 alw^ays 
de])r('sses the viscosity. Also, since the gelatin w'ould remain on tlie 
alkaline side of the isoi'leetnc point the addition of potassium chloride 
w'ould not alter the sign of the cataphoresis. 

Pauli and Oryng also lound that the addition ol sulpluiru- acid to the 
potassium chloride wolulion decreases the amount of combined chlorine, 
especially at low concentrations of potassium chloridi'. This is in 
aoeordanco with Loeh’s results, sinc(‘ the .sulphiirir acid would alter the 
gelatin to tho acid side of the isoelectric point and it ivould dissociate as 
gelatin hydrrK-hloride, giving chloride ions. 

S'llvcr Niiridc. 

Fe^iing solutions of silver nitrate, varying in concentration from 0’0025- 
0'05N, in 1 per cent, gelatin, Pauli and Mntula found, by electrometric 
measurements, that silver combined with Hie gelatin, that is, silver ions 
disappeari'd from the solution. Corre.sponding w'lth this there was a 
diminution in the electrical conductivity of the solution. Measurements 
with varying concentrations of gelatin (up to 3*4 per cent.) showed that 
the amount of silver comtiined is not directly proportional to the con- 
centration of the gelatin; the deviation from proportionality is mm-h 
greater in dilute than in concentrated solutions, indicating grcati'r 
liydrolysis of the silver .salt compound in the dilute solutions. Tho direc- 
tion ot electrical w%‘inderin,g of the gelatin w\as not altered by the addition 
of silver nitrate, nor was the viscosity of the solutions appreciahl.v 
changed. Pauli and Matnla give similar explanations to those given for 
potassium chloride, but the result© are readily explicable in accordance 
with Loeb’s ideas. There is, however, one difficulty, in that it is stated 
that prolonged dialysis removed all the silver, giving a gelatin with the 
ongiiiai properties. According to Loeb, this could only be tho case if the 
gelatin were at, or on the acid side of, the isoelectric point. 
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In th© presence of sodium nitrate or barium nitrate the sili^er is forced 
out of its combination with the gelatin to a greater or lesser extent. 

pROCTEii’s Investigations 

Professor H. It. Procter, in connection with his work on tanning, has 
carried out numerous investigations on the swelling of gelatin and of the 
behaviour of gelatin towards acids. To a very largo extent tVe Work semns 
tp have been quite independent of that of other investigators, compara- 
tively few references being made to their results. ProeWr has bemi ably 
assisted in his investigations by J. •A. W’llson, and the chief papers 
published are as follows: Pro<ter (KolUnd livihcftr, 1911, 2, 243), Pneter 
(Trans. Chrm. Sor.^ 1914, 105 , 313) Pnx^ter and Wilson {Trans, dhrm. S>>c., 
1916, 109 , 307), 'Wilson (J. Ainci. (Ihem. Sac., 1916, 38 , 1982), Proctoi «nd 
Burton (f/. Soc. dhrni. /tk/., 1916, 35 , 404), Wilson and Wilson <,/. .dnirr. 
Chem. Noc., 1918, 40 , 886), Wilson (3rd lintish Assoviaiion lirjnn'i on 
Colfoid Chemistrii, 1920, j), 51). Other papers have been pnhlisbod in the 
Jour. Soc. Lratinr Tiodcs' (Uictn-ists and in the Jour. ^Auncr. Trot her 
Cheniisis' Association, but these, for the nmst part, have repeated the 
accountt^ given in the above-mentioned papers. 

PriK'tor’s theorit's are founded on what is known as the Donnan e(|Uili- 
brium (Zeifschr. Klchfroehcin.. 1911, 17 , 572; see also (S’l/.s/rnj of J*hiis^ical 
(7)C//u'.sO‘ij<*Lowiw* Vol. 11., p. 275), wbieli may ex])lained tluit' - Con- 
sider the salt gelatin hydrochloride, winch may be written CCl, dissolved 
in w^ater, the solution being in contact with a nuunbranc (dcMi.ited by a 
vortical lino), wbu li is nnpernn'able to the gelatin cation, (!*, and also to 
the undissociatcd nK)lecnJ(‘s (iCl, hut will allow chlondo ioiiM, Cl', and 
any other ions to pass tliroiigh it freely. Suppose that on th<’ othtw 
side of the momhrano there is an aqueous solution of hydrorlilorir acid, 
HCl The initial stale of things will he represented b> ; — 

(4- ir 

Cl cr 

1 IT 

4 he IlCl will, howevei, Ix'gin to dilfiisc' liaun 11 to I until an (“(juilihnuni 
state is reached, laqn esented )>> . — 


G* 

if 

H* 


(T 

Cl' 


I 11 

It can he .show'n hy tliermodynainical KM.-'orniig that w'hen the '■tate 
of eijuilihrium is reaclu'd. the i elation inn^t hold that. 

m,, X ra'],, = iu-j, X [ei || 

w4iere the stjuaro hraekets lepresent eoiHHaitiaiion- It can tnrtlM'r he 
show’ll that tlie greater the initial couci'iitration ratio ol gelatin hydro- 
c4ilori(le hydrochloric acid,, the less hydrochloric aeid will dillusi' through 
the nu'inhranc: that is, although the ineinlirano is (luite iH'rineahle to 
li\ clrochlonc acid, the presence ol the noii-dialysing gelatin hydrochloride, 
(ICl, in sufficient concentration on the one side is able to make the 
])ermeal)ility of the memhi'aiie fur liydrocliloric acid iit one' diia'ction 
almost vanish. In accordance w»th this Procter found that the con- 
centration of freo hydrochloric acid is always less in the solution ahsorhed 
by the gelatin than in the remaining external solution. This has been 
confirmed by Loob (J . den. Idnfsiol., 1921, 3 , 557, 667, 691) hy measure- 
ments on solutions ol gelatin hydrochloride separated from an aqueous 
solution of hydrwhloric acid hy means of a collodion membrane; the pH of 
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the inside i-olutiou was always greater than that of the outside solution, 
and the difference in electric potential which existed between the two 
solutions could be calculated from the difference in pH by means of 
Nernst’s logarithmic formula. 

Procter furYher found that the sum of the amounts of free acyi in both 
the gelatin and aqueous acid solutions is less than the amount in the 
solution bcfcre the introduction of the gelatin. This difference ho 
attributes to chemical combination between the gelatin and some of tho 
acid and regards the product as a hydrolysable but highly ionisable hydro- 
chloride of gelatin. (This agrees with the electrometric measurements 
of Manabe and Matula.) 

Procter’s theory may be summed up as follows; — ^When gelatin is 
immersed in a dilute solution of an acid, e.r/., hydrochloric acid, com- 
bination takes place between the gelatin molecules and the hydrions, 
resulting in tho formation of highly ionised gelatin hydrochloride. The 
gelatin cation is incapable of diffusing into tho outer liquid; the chloride 
anion ((.n') will tend to diffuse, hut is prevented from so doing because of 
tho electi'uni^i 'attraction of the gelatin cation. Tho teiicleney of the 
chloride anion to diffuse out exerts on tho jelly muss an outward pull 
which, being uniform in all directions, produces an increase in the volume 
of the jelly pvo]K)rtional to the magnitude of the pull. 

Suppose that ^ ,, 

Jn the outer liquid, coiicmitrntion of [H* ] = — x 

And in the jelly | ” ” [“latirions = [G' | = z. 

Since, in tlie jelly, the total concentration of the positive ions must « 
be equal to that of the negative ions (otherwise the jelly would be 
electrically charged), it follows that (in the jelly) the concentration of 
tho chloride anions, Cl', - y -f- z. 

Tho conditions of the Donnan equilibrium therefore will give 

X- = y (y + z) (1) 

and it therefore follows mathematically that 
2x < 2y -h z, 

that is, the concentration of the ions in the external solution is less 
than in tho gel. The osmotic pressure in the gel wull therefore be greater 
than in tho external solution, and consequently swelling will occur until 
the forces of cohesion in the gel can establish eijuilibrium. 

If e = excess concentration of diffusible ions in the gel then 

2x -p e - 2y + z (2) 

and the swelling should be proportional to tho value of e. 

It is possible, by means of electrometric measurements, to determine 
experimentally the values of x, y and z, and hence to calculate the 
values of e for different solutions. It is found that as the pH of tlie 
external solution decreases from 3-75 to 1'19, that is, as the acidity 
increasee, the value of e rises to a maximum and then falls, the maximum 
being at pH = 2-4 (approx.). The rise and fall of e is in accordance 
with theory, since if equations (1) and (2) are solved for e, y being 
eliminated, i 

e = — 2x + n/ 4x* 4- z* 

and therefore, as x increases from zero p must increase to a maximum 
and then decrease, since z has a limiting value conditioned by the 
combining power of the gelatin. Also, it is known that the sw^elling of 
gelatin, ivith decreasing pH, increases from a minimum at the isoelectric 
point, rises to a maximum and then <ii*creases again. If the two curves, 

® pH, and swelling pH, are plotted they both show' a maximum 
at the same pH = 2*4 (Atkin, J. Soc. Leather Trades' Chemists, 1920, 4, 
248). Loeb found the maximum sw'elling at pH = 3*0, but tho washing 
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with water according to his method may have hydrolysed sIm© of the 
gelatin hydrochloride which had been formed, thus tending to form a 
lower hydrion conc^tration or an increaeed pH value. 

In the case of acetic acid, which is only slightly dissociated, a greater 
total coilyvJiitration of the acid is required to produce neSrly complete 
combination of the gelatin with the acid, because the degree of combina- 
tion is determined by the value of y, which even in the more •I'onoentra ted 
solutions will be small because of the repression of the ionisation of tlio 
acid by the highly ionisable gelatin salt. For this reason the #^velling 
of gelatin in acetic acid increases with ^increasing total concentration ol 
the acid and is not repressed by addition of excess; in fact tho swelling 
continues up to a strength of acid of N/1, beyond which, solution of tho 
gelatin takes place. Even in this case, however, Atkin (loc. cti.) >W8 
that the swelling is probably at a maximum in tho normal solution, tho 
pH being approximately 2-4. Tho somewhat stronger formic acid shows 
a maximum swelling at pH = 2-4 (Atkin) j;\’hilst the very weak acids 
such as boric acid, produce little, if any, swelling. ^ 

The repression of the sw’clling of gelatin hy the addifion of a salt 
of the acid, which is highly dissociated, is (‘ansod by the apparent 
increase of x produced, which results in a diminution of the value of e 
and consequently in a diminution of tho sw'elliiig, this action being 
assisted to some extent by the repression of the ionisation of the salt 
of the gelttfin. ^^ilson and 'Wilson (J. Amci. Chem. Sor., 1913, 40, 
886) have extended Procter’s theory to the case of the action of any 
electrolyte (acid, salt or base) on gelatin or any other colloid. 
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VISCOSITY OF GELATIN 

The viscosity of a liquid is the resistance offered to shearii^, to 
stirring, or to flow through a capillary tube. The viscosity ^jcoemcient 
18 the force required to move at unit velocity a plate of unit surface 
separated fijpm another plate of the same size by a layer of unit 
thickness. Based on this definition the formula may be derived whieli 
gives connection between the viscosity ?/, and the volume v of** a 
liquid which, driven by a pressure p, flows through a tube of length I 

and radius r in the time L namely tj = ^ (Poiseuille’s equation). 

'V 

For this tKiuation to be valid it is a neccaeary condition that the 
jnessuro p shall be just sufficient to drive the liquid through the tube, 
that is, the liquid shqll have zero velocity as it leaves the tube. In 
actual practice this condition cannot, of course, be fulfilled, but? any 
corretiting factor to th<‘ above formula can, by the use of long and 
narrow capillary tubes, be made so small that it may be neglected. As 
a matter of fact it hjis recently been shown (Griffiths and Griffiths, Proc. 
Phys. Sor., 1921, 33, 231) that the (^efficient of viscosity of water flowing 
through capillary tuhe.s of l‘5-2-0 inni. diametc'r at ratc« of one litre in 
2.24 years is the same as with ordinary rates of fl(n\. • 

Thus the first essential of an apparatus for the measurement ol the 
viscosity of liquids is a long and fine capillary tube. As used lor 
ordinary liquids and solutions, the Ostwndd apparatus, which is really 
a modified Poiseuille apjiaratus, is used, in which the capillary tube is* 
about ()-25-0'4 mm« in diameter and 10-12 cm. long. The bulb, above 
and below which are the marks defining the volume of liquid which 
should flow through the capillary, is of such dinieiisioiiK that the tunc 
of flow is at least 100 seconds, using water as the li(piid. 

(-aiullary tidies of the dimensions given are satisfactory for li([Uids 
and solutions which have viscosities less than, or not very muc'li griuitcr 
than, that of wat<ir, but for such viscous solutions as those of gelatin 
the tuiK* would be inordinately long. Tt is thendori' necessary to ha\e 
wider tubes, or else to apply a head of pressure to the tulu' to lorc<‘ 
the liquid through in a reasonable time. The use ol a wide tuhi' is apt 
to give rise to erroneous results, since when the same tube is used foi 
water, as the standard substance of comparison, the velocity of flow' of 
the water tlirougb the tube is so great that turbuh'iit flow rcMilts. 
Bingham (A//icr. (Jhcin. -/., 1905, 34, 48!) wais apjiai cully one of the 
first to use a bend of pressure, and the method has since been repeatedly 
used by him (References may be made, among other j)apers, to the 
following: J. hid. Eng. (Jhem., 1914, 6, 233; liiilL Uni. StnmkinLs. 
U.S.A., 1918, 14, (T), 59; Pmr. Am. Site. Tcaiing Mulct nils, 1918, 
18, 373). I'hhelohde ((Wij)are /, Elcki riK hc m 1913, 19, 32) has also 
designed a similar apparatus. The coiiveiiieiiee ol su<-h apparatus ii^. 
tliat w’heii the head ol pressiiri' is so great that the hydrostatic pressure 
ot tlie column of lH|uid in the aiiparatus can he negle<‘ted, the time oi 
flow of a li({Uid through the viseometer is directly proportional to the 
viscosity, tlie head ol pressure being constant, if the viscometer is 
calibrated with a standard liquid it is therefore not necessary to determine 
the density of the liquids used, a.s w'ould be the c'asc for ordinary \isco- 
meters. 

If varying heads of pressure are used in different experiments, the 
viscosity, is given by tlie relation 

y = k pt 

where k is a constant and p and t are the pressure and time respectively. 
Tt follows that for the same liquid the volume of the product pt must be 
constant. 
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Tho importance of the constancy of the product pt in tlif case of 
gelatin solutions was not realised until the irork of Rotlilm in 1919 

1920, 27 , S54), although previous to that date miinoroua m^usurenien ts 
on vnscosity had been made Kothli.i made .,«> of a lisi-omcJer designed 
hy Hess (Munch nud. K'or/ira.sr/ir.. 1907, 46, No. 32. 1590) which con- 
sists in linnciple of two. horizontal capillary tubes conina ted with a 
convnoii pressure bulb. The same pre.ssure is a|iplied to both the tubes 
for the same time and the volumes of water and of the Inpiid under 
investigation flowing through the reap,x<ive tubes are measured; aince 
the volume flowing through i.s mvor^ely pioiiortioiial tt» the viM-osily of 
the liquid, the unknown viscosity can bo dotorminod. knowing that of 
water. 


In the case of a 50 per cent, solution of glycerol, for cxainplo, liothlin 
found .that with pressures varying lictween 39-7 utk^ 0-95 mm of moicury 
(there were 7 intermediate jiressui'es) the timb of flow through tlic vis- 
cometer varied from 2-9 to 120-0 seconds, hut the product,//^ ronunne<l 
constant within the error of experiment. 


In the case of gelatin, liowever, re.sults such as the following wcr.' 
obtained: —A 1 per cent, solution of gelatin (1 gm. gelatin in 100 vr. of 
water) was nmde by w^arming at 60° for 10 mins., filtering through cotton 
wool and thTn cooftng to 15-5°. Measinements within 15 muiutf's of 
making the solution gave constant value's ol pt for pressures \ar\ing 
between 1-2 and 6B 8 cm. Hg. Atti'r kiH'ping lor oiu' hour'pf was nnl\ 
constant between about 25-63 cm, Hg pressure, its value rising continu- 
ously as tlie pressure decreased below' 25 cm. Ilg, Afta'r longer iu ten a Is 
of keeping (up to 5 houi\s) there was less and less constanev of pt at tlu* 
higher pressures, and the rise of w-ith decrcaMug pressure hecamc more 
and more marki'd. Similar results were ohlainod w-ith a 2 per cent 
solution, with which it wa.s further show’n that the higher the tenipcratuic 
at whicli the viscosity is measured the greater is the tendency tor j)f lo 
remain constant; for ('xample, at 18° ther<s was a sharp ris<‘ in pt with 
decreasing pressure; at 21° the rise was only small, and at 28 5° the valiu' 
of id was constant. [Tlosults such as thcsi' furni.sh evnlciicj' lot the 
existeneo of a definite structure in gelatin .-olntions (compare Weissen- 
berger, Kolloid Zcitacfn 1921, 29 , 115, on “ Slrnctnn's in Dispiu's*' 
Systems.”] 

Substanci's which behave similarly Ut gelatin are — Albumin, insoluble 
.starch, agar-agai, soaps and saponin. Solution^ of casein, soluble starch, 
gum arabic and dextrin, obey Poisi'nillc’s law. 


Rothliii concludes his jiaja'i- with the .sl.atcinent that all viscosily 
measureiiieiits on such substances as gelatin, which have* lus'ii made 
with the Ostwald apparatus, are not of very nui< li '.due. This statement, 
however, is ol too sweeping a ch.iracler, as will lie se<*n wIk'ii dealiie,, 
with von Schroedcr’s work. 


Methods lor mca'^nring viscosity wlneli depend on the use ni an 
o 5 ?cillating disc ((iarret, l*hd. Mtni., 1903, 6, 374), or ini toision ((oinpin 
Hatscliek, Kolloid Zeit.schr., 1913, 13 , 88) have noi been H'.imI to an,\ 
great extent in the investigation ol gelatin, li is inteiestmg to nolo 
that (lartct^, w'hi'ii using the os<-illaiing di.sc method, first ohsc'ived lhai 
the introduction of an alrisidv holidilied portion of the gel to a g(‘l,itin 
sfflution causi'd the viscosity to increase more rapnlly than la'lore. The 
lulling sjdicre viscometer ('(onqiare Sheppard, ./. hid. En</. Clu'ni., 1017, 
9 , 523, Gihson and Jacobs, Tions. ('hern. iSec., 1920, 117 , 473) has not 
found use in the study of gelatin, although f|Uite rcct'iitly it has Ik-cii 
rocommonded lor this pnrposi^ hy Vischer (ZrHachr. nto/cic. t’lwinw, 1921, 
34 , 153). 

The classic work on the viscosity ol gelatin solutions is that ol vr)ii 
Schroeder (Zeitschr. physilnl. (Jheinie, 1903, 45 , 75), as he was the first 
to show' how to obtain concordant results w'ith a sulifitance whose 



76 


behaviouf depends so much on its previous history and treatment. His 
results will be referred to a little more fully than will be the case with 
those of other investigators. < 

In von &,hroeder’s experiments a viscometer of the Ostwal^type was 
used, the capillary of which was larger than usual and allowed water to 
flow out in 40-50 seconds instead of 100 seconds. 

Using the finest ealt-free gelatin, a weighed quantity was pl^ed in 
500 c«. of distilled water and dissolved by warming, never allowing’the 
temperature to rise above 70^. ^In this way, 1 per cent., 2 per cent, and 
3 per cent, solutions were madt', taking 10 gms., 20 gms. and 30 gms. 
respectively for the 500 cc. of water and diluting to 1,000 cc. The 
solutions were filtered. 

In making experiments 200 cc. of a given solution were placed in a 
small flask fitted wit];i a reflux condenser, and heated in a water bath 
at 100“. After refluxing ,x for 30 minutes, 5 cc. of the solutioil were 
quickly withdrawn in a pipette and placed in a viscometer in a 
thermostat* ilt 25°; the viscosity was measured 5 minutes after the 
solution wab placed in the viscometer. After another 30 minutes heating 
at 100° 5 cc. of solution were again withdrawn from the reflux apparatus 
and treated as before, this process being repeated at definite intervals. 
Assuming that practically no change took place in, .the esnstitution of 
the gelatin solution within the 5 minutes during w^hich it cooled down 
from 100° to 25° (other experiments show^ed that this assumption was 
justifiable), ft was found that the change to a gelatin which no longer 
sete on cooling,* and which is spoken of by von Schroeder as hydrolysis, 
is a regular and irreversible change. The rate at which this hydrolysis 
takes place was found to be in atcordance wdth the equation: — 

--dBldt = K 

where B - viscosity at time t; 

B^ = lowest possible value of viscosity; 

K - constant. 

In connection with these particular experiments it should be mentioned 
that they have been repeated in the British Photographic Research 
Association’s laboratory by Mr. Bawling, B.Sc., under such conditions 
that the product pt was constant. The results of von Schroeder were 
confirmed, thus justifying his use of the Ostwald viscometer under the 
particular conditions observed. 

Shfiji {Biochem. Journ., 1919, 13 , 227) repeated von Schroeder’s work, 
using, however, temperatures of 70° and 18° instead of 100° and 25°, 
and claims that von Schroeder’s equation is not valid, but should bo 
replaced by one of higher degree. (Compare also, Loeb, J. Gen. Physiol. j 
1921, 4 , 97). 

Returning to von Schroeder’s work: — When the viscosity of each 5 cc. 
of gelatin solution had been measured after five minutes interval, the 
solution was maintained in the thermostat at 25° and its viscosity 
measured at intervals of approximately one hour. It was found that the 
viscosity of a solution which had been heated to 100° for a short time 
increased rapidly on keeping; for a solution which had been heated for a 
longer time at 100° the increase was slower, whilst with solutions which, 
by prolonged heating at 100°, had attained the lowest viscosity, there 
was very little or no increase in viscosity and the solution failed to 
solidify on keeping. These results are indicated by the secondary curves 
(approximate straight lines) branching off from the main curve in the 
annexed figure (ordinates = viscosity; abscissae = time in hours. The 
lowest curve is that for pure gelatin). 


* This gelatin was first called /3 gelatin by Traube in 1887, although Wo. Oswald 
in 190B IPfliiger's AroUv., 1906, 109 , 277), extended the nomenclature to any 
gelatin which had been heated for some time. 
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Yui. 8. 

In the figure the tjecoudary curves are represented as straight linos, 
but Shoji (loc. cit.) using a 3 per cent, solution, found that the viscosity 
Id not always a linear function of the tune. When the koI is hc.it(Ml lor a 
relatively short time (up to 6 hours) the gelation velocity incr<»asos with 
the time, hut when it is heated for a relatively longer time the velocity 
decreases with the time. A 1 per cent, solution always gave gelation 
velocities decreasing with the time, even with samples of the sol which 
had only been heated for a few minutes. 

From his results von Schroeder concluded that if the ratio A J? I M, 
where A is tho difference in viscosity measurev after 5 and 60 minutes, 
and At is the difference in time (=55 mins), is less than 0-0075, the 
gelatin will not sot if it is kept at 25° for 24 hours, whcre.is if ARjAf 
is greater than 0-0095 setting will occur under these conditions.* 

Tho change in viscosity which takes place when a gelatin solution is 
kept at a lower temperature after being heated for a short time at 100° 
is shown by the following figures : — 


• 

After keeping for— 

5 mins. 

1(1 xnins. 

15 miuR. 

30 mins. 

I 

60 mina. 

Visoolity at 21° 

1-83 

2-10 

2-45 

4-13 

13-76 

„ „ 24-8° 

1-65 

l-(59 

1-74 

1-80 

1-90 

» „ 31° 

1-41 

1*41 

1-42 

1-42 

1-42 


* The viscosities given by Schroeder are relatively to those of water ( — 1), so 
that the values of ARjAt would be different for absolute units. 
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Thus thi secondary cliaiijjes which take place on keeping at a lower 
temperature, and which indicate the approach to some kind of equilib- 
rium in the solution, ,aro only marked at the Uwcr temperatures; at 
31° the viscosity does not alter over a period of one houa. Similar 
results were obtained by Levites (Kolloid Zeitschr., 1908, 208), who 

points out that for a gelatin solution of given concentration there exists 
a definite ‘minimum temperature at which the viscosity remains con- 
stant. Compare also Bogue (7. ('heui. Met. Eng., 1920, 23, 5). 

Loeb {J. Gen. Physiol., 1921, 4 , 97) has investigated the rate of in- 
crease of viscosity of gelatin solutions with tfie time, at different pH’s, 
the temperature being 20°; the solutions were made by heating at 45°. 
The lower the pH the less the viscosity increases on keeping; for pH = 1-8 
and 2-43 the curves showing the relation between the viscosity and the 
time (up to 60 minutos) are slightly concave to the axis of time; for 
pH 2*84 and 3-32 th6 (airves appear to bt' straight lines; for pH 3 80, 
4-00, 4-17, 4-55 and 4*74 the curves rise very steeply and are convex to 
the axis of hi me. 

llavies, Oakes and Brown (J . Anier. Chem. Soc., 1921, 43 , 1526), 
using a L pi‘r cent, solution found that the rate of increaise of viscosity 
with ageing of the solution is different at different pH values, the rate 
of increase being a niaximiim at pH — 8 - 8-5. » •» 

An important contribution to the knowledge of the viscosity of gelatin 
solutions wa§ made by Arisz in 1915 (Koll. (flwni. Bcihefte, 1915, 7 , 1-90). 
Oolatin solutions were prepared by w^ashing commercial gelatin in ji 
stream of w’atcr for several days and then drying over concentrated 
sulphuric acid. The gelatin was then dissolved, at 50°-60°, in glycerol 
of density 1-176, containing 32 per cent, of watet, after which the solu- 
tions wej‘<' filtered. The reason for using glycerol solutions is not given, 
beyond a reference to an Inaugural Dissertation {Sol rn G<'lov.<it(ind van 
GeUifineitplosslngen; Utrecht, 1914). Viscosities were measured in an 
(Istwald viscometer. 

Arisz finds that above 65® there is a continuous docroase in the viscosity 
of gelatin soliitioiifi. At 95® the viscosity of a 10 jicr cent, sol dropped 
in 30 minutes to 92 per cent, of the \ iseosity which it had three minutes 
after reaching 95°. At 85° the drop was only to 97 per cent, in three 
minutes, and at 75° to 99 per cent. At 65° there was no eliaiige in the 
viscosity after 24 hours. This change above 65° is irreversible and duo 
to the iormation of /il-gclatin, that is, to a decouipositioii of the gelatin. 

At temperatures of 65° and below there is no decomposition (over 
24 hours) but an equilibrium of .some kind is attained in solution. .At 
65° this equilibrium is rea<-hed in less than throe minutes and at lowc'i* 
temperatures wnth ever increasing slowness; below 44° the attainment 
of the eijiii librium is very slow indeed, and the solution slowly become^ 
a gel. The equilibrium at all temperatures could be apiiroachinl from 
both sides by first keeping the solution for some time at a temperature 
cither above or below'^ that being investigated. 

Owing to the slow attainment of equilibrium at the lower temperatures, 
the viscosity of the sol will be less than the equilibrium value rf the sol 
is cooled (|uickly, saj' from 65° to 55°, and the viscosity will increase 
with time. If a sol in etiuilibrium at say 46° is heated quickly to 55°, 
the viscosity will be greater than the equilibrium value and will decrease 
with increasing time, and so on. Until equilibrium is reached, the 
viscosity of a given gelatin-glycerol sol will thus depend, at tcunperatures 
below 65°, on the previous history of the sample and on the time that 
it has been held at the temperature in question. 

This influence of previous history is well illustrat<‘d by tho following: — 
A 10 per cent, sol is warmed for a short time at 70° and then cooled to 
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35® and allowed to gel. 11, immediately it gels, the temperature A raised 
to 44°, it liquefies at once and then slowly gels on keeping. If, however, 
It is kept at 35° for a Jong time before being heated to 44°, it does not 
become Hqwd at the latter temperature. If a temperature 20° is 
used instead of 35°, the gel must he kept for a much longer time at this 
temperature than at 35® to prevent it lieeoming a sol when healed to 
44°. This is in accordance lyith the fact that equilibrium will bt* reached 
all the more slowly the lower the temperature. 

« . . . • . 

This varying velocity (with the temperature) at which oiiuilibrium is 

reached is of importance. For example,* if a 1*5 per cent, glycerol 
solution of gelatin is boated at 70° for five minutes and then cooled and 
kept at 20° it becomes a gel on the third day, whereas if it is kept at 2^ 
it does not gel, even after 14 days. Thus, in loiitradistinction to ordinary 
experience, the solution at a higher temperature may he a gel, whilst 
that at ^ho lower is a sol. If an aqueous sol is pres»‘rved for some time 
at constant temperature (20°) so that ecjuilihriuhi is attained, and then 
Hiluted at the same temperature, the viscosity of the diluted* solution 
gradually decreases, indicating :i change in its condition, if the diluted 
solution is heated to 70° and then cooled to 20°, the viscosity grndiialU 
increases on keeping. 


Arisz also fcmiid th^t with a 10 per cent, glyierol sol at 50", ri'pcatiMl 
passage throu’l^ the vlscometc'r lowered the viscosity. At 65° there was 
IK) difference between successive measurements. Rucli plicnonicna^ liayc 
also heem observed with aqueous solutions of gelatin (dokiin, Kolfind 
Zriischr., 1908, 3 , 84; compare also Bogiie, for. cif .) and with solutions of 
other colloids (BilU, Zr/t.sr/ir. irhmkal fV/rm., 1910, 7^, 500 ; Weisson- 
bergor, KoUoid Znischr., 1921. 29 , 113), and afford evidence lor the 
existence of an internal struclun*. 


These (aqueous-glyct'rol) sols showed the Tyndall ofiiH-t. and Arisz finds 
that the intensity of the scattered light increases with falling tmiiiieratuie 
and increasing time, provided that the viscosity is bellow tin* •nmn 

^allle. For example, wlnui a 1 P<'r cent, sol was cooled from 70 to 20 
there was a fourfold ii.croa^se in the ten si tv of the sealtere. lig . 

When a similar sol, previously heated lo 70° aio ^ j 

kept at the latter tomr.cTatiire, the V" IT' 

end of nine days was nearly six times the initial value. Ti. altn Un iiv 
at 18° for 12 days the sol was warned to 25 

sc>vtt<>ro.l liffH clnni.ii«hp,l. Similar vrsnlts "7'; ''7";' , 

-olatiii rvas prosant. a.s a Rol ; also U.ato was no t.roaK n> l.lir .■(f( . I « la n 
the change from sol to gel took plac(‘. 


Theie is therefore iiarnllelism between the <9 
(‘fFoct and the changes in viseositx of these .sols, 
further evidence of an internal strueture oxetmg 


,tig(' in file T.Midall 

’rii "'e changes afford 
n the sol 


The incroasc in the .ntm,s,t.v of H,e T,.,<lall .•lI-.-l pla.-.- mnol, 

if an aqueous gel is praserved for some time («la .) ‘ 
in the liquef3*ing temperature takes place. 


delation heAwern Viscosiiy ami CnncnUiaium of SoJalnm. 

with isoelectric gelatin: — 
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[vhfA - ratio of the viscosity of the solution to the viscosity of water.] 
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* The figures in italios give the values of log r//j/o and are those given^in Loeb’s 
original paper. The figures -in ordinary type give the values of tjjrjQ and have been 
calculated from Loeb’s figures. The original paper contains a misprint, the heading 
of the table "^eing given as instead of log tjlrju. 

The above figures for give curves which are convex to the axis 

of concentration, the curvature being all the greater the lower the 
temperature. Kor the three higher temperatures the relation between 
the viscosity and the eoneentration is given by' Arrln?nius’s formula, 
log = ^*0, where 0 is the relative volume of the gelatin in solution 
and k is a constant; at 25° the viscosity increases too rapidly for 
accurate measurement. Einstein’e formula, ?; = (1 -f- 2*5 0 ), (Ann. d. 

PInjsik, 1906, 19 , 289) which gives a linear relation, does not Ifbld 
Ccompure Hatsohck, KoUoid ZeAfschr., 1913, 12 , 238; 1920, 27 , 163; 
Smoluchowski, ibid., 1916, 18 , 190; Arrhenius Med. K. Vetcjisb. Nobel 
Inst., 1917, 3 , No. 21). Bogue (J. Amer. Chem. Soc., 1921, 43 , 1764), 
using solutions varying from 0*01 to 30 per cent, in concentration, also 
found that Hatschek’s formula, which is a modification of Einstein’s in 
which the numerical factor 2*5 is replaced by 4-5 (Kolloicf Zeitsehr., 1910. 
7 , 301; 1912; 11 , 280), does not hold. 

On the other hand Davies, Oakes and Brown (J. Atnee. Chem. Sue.. 
1921, 43 , 1526), using the low concentrations ot 025, 0-5 and 1 pei 
cent, in fairly acid solution (pH 3‘6-4*0) state that the viScositj^ is 
approximately a linear function of the concentration (compare Levites, 
loc. cit .) ; on the alkaline side o^ the isoelwtric point, however, the 
viscosity increases so rapidly with the concentration that it does not 
even approximate to a linear function of the latter. 

Crupi (Chem.. Met. Eng., 1920, 24 , 575) writes discursively on the 
factors which intluence the viscosity of glue, hut no definite data are 
given. 

The Effect of Acida and Alkalis on Viscosity. 

Von SchroediT (loc. cit.) obtained the following results, which show 
that the maximum viscosity is attained at low concentrations of both 
acid and alkali. In view of the work of Tjoeb and others the maximum 
is readily explained. 


Normal Cone, of HCl or } 
NaOH). j 

1 ^ 

1/612 

l;25ti 

j 1/128 

i/r.4 

I 1/32 

i/le 

• 1/8 

1/4 

Rol. Viscosity (HCl) 

1-40 

1*66 

1-76 

i-r.8 

1-68 

1-42 

1-26 

M7 

1*12 

„ „ (NaOH) .. 1 

1-40 

1*62 

1-60 

1*79 

1-62 

1-38 

1-25 

1 

1*10 

MO 


With the exception of a few experiments by Loeb very little work 
seems to have been done on the influence of ammonia on the viscosity 
of gelatin. Loeb found that up to a pH of 8-6 the behaviour of 
ammonium hydroxide was similar to that of sodium and potassium 
hydroxides. Above pH = 8*5 the action of ammonium hydroxide is 
abnormal, just as it is with the higher concentrations of acetic acid. 
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Action of Salts on the Viscosity of Gelatin Solutions. 

The earlier measurements were made on ordinary commercial gelatins, 
before the influence offtho pH of the gelatin \va% rocognised, and con- 
sequently t^aeir value is somewhat impaired. Nevertheless the results 
obtained are»far from being of no importance, since it is such gelatin 
which is used in ordinary commercial processes. 

• 

Complications occur, because, as has already been pointed out, tlu‘ 
viscosity of the solutions, except under spwificd conditions, alters \tith 
the time, so that a distinction must be nyide between the initial value 
of the viscosity as observed immediately after the addition of a sail, 
and the final value, which is approached only asymptotically. Ac<'orcling 
to the experiments of Levites (Kolktid Zcitschr., 1908, 2 , 208), vtui 
Schroedcr {Zeitschr. physikal. Chem., 1903, 45 , 75) and (Jokun (Koiloid 
Zeitschr.j 1908, 3 , 84), the first of those values followh the general rule ot 
mixtures#, that is, salts which raise the vise*osity,of water alleet colloidal 
solutions similarly, and vice versa. 

• d * 

In connection with this it may bo noted that the more the salt slows 
down the process of gelatin isation, the lower is the temperature at which 
the viscosity remains constant with the time. For example, Lewites 
found that at tomperaturcs below 26° the viscosity of the gelatin 
solutions he usjjd inci(«ised with the time; in the luesence of thiocyanates, 
however, whicn retard gelatiiiisation, the \iscasity of the solution remains 
constant at much low'cr temperature.s than 26*^. The convevs«‘ is also 
true, that is, if the added substance increases the velocity oi gehitinisution 
th(^ viscosity does not remain constant with tnin*; c.p., in the ])resence 
of ammonium sulphate the viscosity is no longer coii.stant*eveii at 30°. 


The effect of the addition of various salts on tlic tiiiK'-vanations in 
viscosity was studied by Gokiin. Only the results for ammonium nitrate 
are given in detail, and it was found that when .small aiiiouiits of this 
salt ^vere added the viscosity of the gelatin solutions increased more 
(liiickly than wuthout such, wdiilst if larger amounts were addtHl (0*32-l-4 N) 
the viscosity remained almost constant. In very high concentrations 
(5*6-6-4 N) the viscosity decreased with time, a.s is the case with 
suspensoids, probably hcH-ause at such high coneentratioiis puvipitation 
or eoagnlatioii efli'cts play a part. It is doubtful what weight (>an he 
attached to those resulis, since they do not seem to very accurate', and 
there ivcre considerable temperature variations during the measuiomcnts. 

Von Schroeder (lor. rit.) iiivestigat<Hl the iiifinence of tlie sulphates and 
chlorides of sodium and magnesium on the rate in change of viscosity 
of 3 per cent, gelatin solutions when they are lulled at 100°, the experi- 
ments being carried out similarly to those with , are gelatin. lh(‘ con- 
centrations of the salts were either 0*5 or 0-25 normal 


As will be st^n from the diagram (Fig. 8) all the curves lie higluM- than 
those for pure gelatin, that is, the addition ol salts ranses the viscosity 
of gelatin, whatever the previous history of the gelatin may lie. 

All the curves are approximately parallel to the pure gelatin curve, 
showing that the velocity of the formation of /^-gelatin is not appreciably 
changed bv % addition of salts. Moreover, just as with pure gelatin, if 
ARIM > 'Ooogs, setting nt 25° wrth.n 24 ^ 

< 0-0075, setting does not o<-cur within 24 houis. The \au 
aRIM is increased by sulphates and decreased by chlorides. It 
should also be noted that the influence oi the addition of salt on the ratio 
bears no relation to the influence of the salt on the viscosity. 

The influence of the addition ot salt on the 

r' 7 r.' sS S" S 
. V“"" ■* 

the preliminary heating. 



Concentration . 


Concentration. 











Sait.i 

r 

N /8 

N/4 

N/2 

Salt. 

N /8 I 

N/; 

N /2 

N 

Pure ffclaten ... 

1*78 

i 

1*73 

1-78 

Pure gelatin ... 

1-88 

1-70 

1-83 

1-71 

Na, SO 4 

2- 11 

2-7*2 

9-41 

NaCl 

1-7H 

1-71 

1-74 

1-69 

K 2 SC 4 

J-!>7 

— 

— 

KCl 

1-80 

1-67 

1 -Gb 

1-61 

AiiijSO^ 

1-95 

2-21 

3-32 

AmCl 

1-73 

1-69 i 

l-(5() 

l-ftl 


Concentration. 



Concentration. 

Salt. 

N/H;| N/8 

n;4 

N/2 

Salt. 

N/8 

N/4 

n;2 

N 

Pure g(*lai<n ... 

l-GH l-OS 

1*C8 

1*G8 

Pure gelatin ... 

! CG.'i 

1-G8 

1-7G 

1*7<T 

LiOl 

— 1*73 

1 -fifi 

1*78 

NaNOs 

i 1*G3 

1*57 

1-56 

— 

MgCU 

— 1*80 

J*88 

2*00 

KNOs 

1*G.5 

l-r)3 

1*32 

1*48 

Lij,SC)4 

1*8.5 1 1-92 

2-1.') 

— 

AmNO., 

1-Gl 

1-52 

1-49 

1*4.'. 

MgSO, 

1-90 1 2*12 

1 

2*42 

— 


1 

1 





Tlie ii<j;urcs ^ivoii uro vuscosity valuos. Tlio effect' of tin' various salts is 
Ix'st shown by the followiiifr table, where the figures represent the differonee 
b(‘tw<‘en the vi.seositi(*s of llu' salt-gelatin and pure gtdatin. 


— 

Na 

K 

NH 

Mg 

li 

Li 

N/1GS()4 

_ 



+ 0-22 

-1-0-17 

N 8 SO 4 

-1-0 -33 

-1-0 -19 

-fo-17 

-I-0-44 

-fO*24 

N/4 SO 4 

-1-0 *99 


-f0*48 

-fO*74 

+0-47 

N 2 S ()4 

-f7*G3 

— 

+ 1-54 

— 

- 

N '8 Cl 

- 0*12 

—0*08 

-o*ir> 

- 1 - 0-12 

-1-0 ‘Oo 

N/4 Cl 

H-O-Ol 1 

1 —0*03 

- 0*01 

-j- 0-20 

- 0*02 

N '2 Cl 

—0*09 j 

1 -0*23 

-0*23 

+0-32 

+ 0-10 

N Cl 

— 0*12 ' 

1 — 0 *‘j 0 

— 0*20 

— 

— 

N /8 NO, 

- 0*02 

j — 0*00 

-O’Ol 

— 

— 

N/4 NO., 

- 0*11 

' -o-la 

-0-lG 

— 


N/2 NO;, 

N NO, 

— 0*20 

, -0*24 

-0-27 
— 0 • 2 f) 

- 
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The results show that sulphates in all concentrations increah#' the 
viscosity of gelatin, whilst chlorides and nitrates decrease it, with the 
exception of magnesium ^nd lithium chlorides in higher conct'ntrntions. 
The exact concentration of the salt, however, plays an important part, 
t^specially with «the chlorides, which in medium concentration (about X/4) 
gliow a maximum viscosity which sometimes cx<‘et‘ds that of pure gelatin. 
Generally speaking, the influcpice of the added salt on the viscftsity of 
gelatin is the same as its inllnence on the viscosity of water (Wagner, 
/.eifitchr. %)hysikal. (Jhem., 1890 , 6 , SI). * 

If the anions of tlie added salts are arranged according to their effect 
the order is; — 

SO4 > Cl > NO.,. 

In the case of the cations, variations (K*cur with different concentrations 
If the values are taken for N/8 solutions, the sulphp^tes and chloride'' 
arrange themselves as follows ■ — • 

• • Mg > Na > Li > Nil, > K. 

Statements such a.s the above indicate the difficult ice wbieli oc<’ur in 
connection with the Hofmeister series when no ac<“oniit is taken of the 
pH of the solutions. 

In oni' of a s^ies of^ papers dealing ehiotly with alhuinin. l\mli and* 
Falek (liiochcmJ' Znl srhi ,, 1912, 47 , 2701 gi\e some results ohlaineil 
with a 0'3 per <'ent. solution of gelatin, the gidalin having previously been 
carefully freed from electrolytes The temperature of experiment was 30", 
since at room temperature, the gelatin owing to its pnntv IIcm< nlateii 
out ** To g(datin solutions wliudi wen* either acid or alkaliiio wert* added 
various sodium salts so that the concentra lions of the latter wer(' 0 01 X 
and the viscosities measured. 


Salt 

•0()5N IKU 

•DIN Hid 

•UIN NnOl! 


i-:iy 

1-32 

i-:in 

1 (dilondt ... 


1-25 

1 

' Hromide ... | 

1 - 2:1 

1-21 

1-22 

1 Nitrate 

i-2:$ 1 

1-21 

1 - 22 

1 lo(li(le 

1 • ‘>2 1 

“ 1 

1 - 22 

1 1-22 

1 Thioo.vaiiati' 

1-21 ! 

1-21 

1 1-21 

j Sulphate .. 

1-14 : 

1-n: 

1 • 20 

i 1 


[In the original paper the results are given to more iliau two places 
of decimals.] 


An interpretation ot these results, ha.sed on Looh’- work, can easilv 
ho given. The acid solutions will have a pH le',s than 4 , and tin* 
gelatin will he present as <-ation. The salts oJ the monohasu' a<i<l.s, in 
ocpiivalent eoncoiilration should thereloro have the same etiect on 
viscosity, dwreasing it to the same extent beeausr of the suppression ol 
dissix'iation. Tlie fi.gnres show that this is the casi' 

The sulphate should have a much greater effect and again tlit‘ oxiieri- 
iiiental result i« in agrcenieiit. 

With the alkaline gelatin, since the gelatin is present as anion, 
golatinates being formed, all the salts, being present m ociuivalcnt coii- 
centration, should have the same effwd- the -xpeu imeutal figmes show 
that this is the case. 


Action of Non-FAcctrolytes. 

Very little has been published in the lit<'rature with ^ 

action of non.electrolytes (alcohol, sugar, etc.), on the v.sc^osity "f ' 

although their action ou other emulsoids (albumin, etc.) ha." beei 
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extensively studied. In low concentrations non-electrolytes usually 
change the jiscosity of emulsoids only to the extent in which they increasi 
the viscosity of the pure dispersion medium. (Levites, Eolloid Zeitschr. 
1907, 2 , 210; Pauli and others). 

Bogue (J. Chem. Met. Eng., 1920, 28 , 5) found that methyl, ethyl ani 
amyl alcohols increase the viscosity of gelatin, but his method of experi 
ment was such that the results can only be considered to be of a qualitativi 
nature. 

(Note. — The effect of subs+ances which harden gelatin is not dealt wit 
in this section.) 
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SWELLING 

Except in ^ few experAnents by Hurtor, which ar(| detailed in a papt'r 
read by Hurter and Driffield before the Hoyal Photographic Sfciety ni 
1898, strips or discs of gelatin, or else powdered gelatin, have been used 
in the investigation of swelling. 

The method of experiment usually employed is based on that first used 
by Hoftneister (Archiv. Exper. Path, und Pharm., 1890, 27 , 395; 1891, ^ 8 , 
210). As improved by Wo, Ostwald {Pfliii^ePs Archiv. 1905. 108 , 563, 
1905, 109 , 277; 1906, 111 , 581; Kleincs PraHikum dcr Kolloidchemle. 
2iui Edition, p. 82) the method consists essentially of casting, from a 
warm solution, a layer of gelatin of uniform thickness. From this layer, 
strips or discs of definite size are cut and then carefully dried to coiistiint 
weight, in such a way that crinkling docs not take plaeo. For measuring 
the swellmg the weighed strips or disc^^ are put intd a dish containing 
witer or the solution under investigation , after a given time they are 
taken out, carefully dried with soft filter paper, or bettei w;tlf a thin 
-porous cloth which has become very soft by repeated washing, and then 
weighed again. 

Miss Schreve (J . Franklin Inst., 1919, 187 , 139) has modified the method 
by casting the’^ffelatin Jin small cylindrical glass dishes with vertical sides 
and accurately made flat bottoms, and supplied with ground cover glasses 
to fit. During all the operations (swelling, and drying with filter paper) 
the gelatin remained in the same dish. When discs of gelatin liere used, 
as in 'Wo. Ostwald’s method, they ivere always handled with gold tipped 
forceps and were weighed in weighing bottles. 

In still another modification of the method, Miss Lloyd (J. Soc. Jjcathcr 
Trades^ Chemists, 1920, 4 , 164) used discs of Coignet’s “ Gold Label ” 
gelatin, of known water content. These wvre pla<‘ed in Gooch crucibles 
where they remained at all stages of the oxpciimcnt. Exiieriinental 
liquids were contained in glass bottles with wide necks and ground-in 
stoppers, the Gooch crucibh's being susjiended in these by a harne.ss of 
fine thread. Both crucible and gel w’ere dried rapidly with filter paper 
before each weighing. 

From the above it will be seen that in some cases the dried gelatin, 
and in other cases the concentrated gel, is used to determine the .swelling 
The latter method is advocated by Chiari {Ihochem. Zc.itschr., 1911, 33 , 
167) as it is believed that in this way the effect of the elastic forces, etc., 
which may be present, is reduced to a minimum. No matter what method 
is used, the weight of water taken up in swelling is calculated on the 
dry weight of gelatin, that is, mi the weight of the anliydrous gelatin. 

With iiowdcred gelatin the volume method of in^'a curing sw'idling may 
he used. The powder is allowed to swell in a tulie of known and constant 
diameter, the extent to which is rises in the Tuhe then being a measure 
of the amount of swelling. 

Svclliiai of Gchiiin in Water. 

A large amount of work on the swelling of gelatin was done helor^* 
the neces.sity lir.st purilying the gelatin was realised. One ol tlie hist 
to jioint out this necessity was Chiari (liiodiein. Zcifschr.. 1911, 33 , 167) 
who showed that gelatin wdiich had been dialysed against running watei 
for several weeks and was then brought into e<iuilihrium witli ordinary 
distilled water, underwent a decided de-swelling when put into con- 
ductivity water, tliat is, into pure water free from carbon dioxide. 
Chiari’s' statement that the maximum swelling of pure gelatin can onlv 
be found in the purest conductivity water must be modified in view ot the 
relation which is now known to hold between the pH and the swelling. 

Before the complexitv of the phenomena associated with the swelling 
of gelatin was realised, attempts were made to express the results hy 
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mathematical formulgB. Hofmeister (loc. cit.) put forward a formula! 
fromVhich it would follow (Pauli, rfliiger's Archiv, 1897, 67 | 219) 
the velocity of swelling is given by the equation 

, ‘ dwjdt - K (P-ny 

where 11’ - weight of water absorbed by unit weight of gelatin in time t, 
i* ~ maximum weight of water which iinit weight of gelatin will 
absorb, 

. K - constant. 

I’lie velocity of swelling shcftild therefore be proportional to the square* 
of the swelling deficit. Such a result does not seem very probable, and 
Piiuli put forward a simple ecjuation dWjdt - K'(P — W) which was 
lound to agree with Hofmeister’s results within the degree of accuracj 
<5 per cent.) claimed by the latter. Both formulre lead to the conclusion 
tliat the velocity (f swelling is at a maximum at the instant ot immei- 
sion and therefore decreases with time, this corresponding witli 
experimental facts. Compare also, Sheppard and Mees, Investigations 
on the Theory of the VUoiograydiic riocess, 1907, p. 85. 

As was pointed out in tho section on viscosity. Wo. Ostwald (Pftuger's 
Archiv, 1906, 109 , 277) extended the meaning of /i-gelatin to comprise 
any gelatin which lias a previous thermal history, th^nt is, which hab> 
jiri'vioiisly been heated to about 100° for a tiiiii'. He found that both 
the rate and intensity of swelling are greater for /8-golatin than foi 
ordinary gelatin. 

Tho compl(‘xity of the phenomenon of the swelling of gelatin in \wite) 
is ilhiistrated by the following quotation from Bancroft’s book on j 
“ Applied VolloUl Chemisirii ” and from Arisz's jiaper on Hwedling (Kali 
('hem. lieihefie. 1915, 7 , 47). Arisz’s paper is full of details wdiich it ip 
almost impossible to summarise, and which can only be lully appriH'iated 
hy n'fcrence to the original. 

“If dried gelatin is placed in cold wakT it swells consid(‘rably and 
limy take up 10 times its weight of water, but tbere are no experiment^' 
to sliow that it would ever go up, say to an 8 per cent. gel. On the 
other hand it is possible to start with an 8 per cent, gel and dry it to 
a 96 j)or cent, gel, after which it will take' up water rapidly to aiT 8 pei 
<’ent. gel. This means that the structure of the gelatin plays an inv 
portant part in the rate of swelling. ThivS is confirmed by some un- 
])iiblished preliminary results by M.r, Carth'dge. Gelatin gels were 
made up containing 8, 16, 24 and 32 per cent, of gelatin. These were 
all dried at room temjK'rature to about 96 per cent, concentration. When 
water ivas added, each swelled rapidly to tho original concontration ami 
then took up water slowly. If these results are accurate, it means that 
the four 96 per cent, gels were all differcmt and that the 8 per cent, gel 
did not become like the 16, 24 or 32 per (‘ent. gel while being dried.” 

Results of an analogous nature were obtained by Arisz. An 80 pei 
cent, gel was liquefied at 70°, portions diluted to various concentrations 
and then each cooled again to a gel. The bbxks used for measuring the 
swelling were 33 x 7 x 4 mm, and the experiments were carried out 
at 20°. It was found that a 0*5 per cent, gel disintegrates' compbdely 
in water, a 10 per cent, gel goes to a 2 per cent, gel in 4 days, a 20 per 

cent, gel to a 6 per cent, one, a 50 per cent, gel to a 16 per cent, one, 

and an 80 per cent, gel to a 20 per cent, one. At the end of 4 days, 

the rate of swelling of the 80 per cent, gel, wdiich is now' a 20 per cent 

one, is so slow’ that the swelling curve is approximately parallel to the 
time axis, whereas the original 20 per cent, gel swelled very rapidly when 
immersed in water. It is thus possible to have two gels of the same 
concentration, one of Avliich will hardly sw’cll, whilst the other swells 
rapidly. 
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The etfect ot the previous liistory of the gel on the swelling is thus 
very marked. Arisz docs not mention how long or at w'hat temperature, 
the gels were kept before using, but hie previous €xperiui‘nts on the 
Tyndall effect showed thit the solid gels underwent I change in slriu'tiire 
on keeping, apd this change is undoubtedly conmvtcd nith thetdilforent 
degrees of swelling. In later experiments Arisz shows that in order to 
obtain comparative results it is absolutely ne<■e^*^arY to use gels Inuing 
the same history, freshly prepared gels swelling more rapidly and to a 
greateP extent than old ones. Tho greatest diminution in the swelling 
oower on keeping occurs when tho gel is kept at the same* temperatuiv 
as that at wdiich its swelling ir, measured, * 

Further evidence of change in structure is given hv Arisz's experi- 
ments on intermittent soaking. If two identical gels are plact'd ii 
water and one is kept in the water 6 days, while the other is only in the 
\\ater for the first tuo and last two days, the tcniiieratnre being kept 
constant *al I the time, the amount of swelling \^ill fx* the same \Mthiii 
t^ie limits of experimental error. While the partially swollen gel is out 
ot the water, some change in structure must take plaee sindi* that ii 
takes up water, when ro-immer.'.ed, so much more rapidly than the other 
that tho total swelling is the same in the two ease'., although one gel 
was soaked twi<-c as long as tli(‘ other. 

Arisz concludes from his experimenis that ■swelling takes plaee in two 
stages. During the first stage tluwe is a period ot rapid swelling, at (he 
(Uid of which maximum swelling has praetieally been all allied. The 
■^ceond stage repri'sents a sm'ies ot swelling epuilihria which alU-r slightl\ 
with the ciiange« whieh take plaee in the internal coiidilioii ol tin* gel 
1 1 is doubtful whether niucli sires-, can he laid on these t,w o stages, sine<‘ 
iheir observanee, or otherwise, depends on the thiekm'ss ol the jilate- ol 
gelatin used. In I’aet, oiui of the difiieulties ol swelling experinienl'- is 
the iiifluenee of the thickness of the gelatin ]*lato or dis<’ used, llol- 
nieister recognised this, and obtained <-on<*ordant results only with thin 
plates. Moreover, a swelling maximum is olteii rrUured to in the 
literature, but the (‘xistenei' ol such a inaxiniiim has never lu-en pioved 
In connexition W’lth this qm'stion reference may he made to some I'Xpen- 
inents by Drotman (J. Soc. Jjcaihvr 7'Mn/rs’ ('hrmisfs, 1921, 6, 226) in 
which ho showrt that the imlnbition ot wuiter h\ a samiih' ol gelatin can 
bo inerciised by dispi'rsion of tlu‘ gelatin. Piiri' uii-diy gelatin swells 
to “ maxinium ” amoiiiit in about 24 hours, the maxiniiim vaning 
according to the variety of gelatin used, fl the e(iuilihrinm gei is tln'ii 
dispersed by placing tin' t(‘St tubes containing it m hoi watm' (at alioiit 
80") for two minutes, and then allowed to set again, iurtlKu swelling will 
take place on imniersiori in the previous swelling wuiti'f. The gei 
fitructuro thus plays an important part in dcteri .iiing the eajiaeity loi 
inihibition of water. 

Two other results ot Arisz are as follows — 

(1) A gel wiiicli is in swelling eqnilihrmni at Hi", de-swelK when it is 
warmed to 20°. If it is in e<|uilil)nuiii at 20" and is then eooh'd to 10^ 
it takes up water more rapidiv than helore. 

(2) If a gel, whose previous liislory has been so elio^eii that it tale- 
up water moi^ quickly at 10° than at 20", is prcseiwed out ot water fo; 
some time, it imdergoes such ehaiiges that its lu'ha\ionr on swelling is 
reversed. 

Katz (/w;//. ('hem. linhrife, 19)7, 9, 1 182) has iiivcr,! igaled tlu- 
quantitative laws of swelling of a laig.' iiuiiiher ot dilleient colloids and 
proteins, among which was gelatin. In order lo avoid the intlneiice ot 
previous history, only samples whieli had iimlcrgone considerable ageing 
were used. 

If the degree of swelling (i) is definml as the wat<M- eontmit in grams 
tier gram of dry substance, tliut is, i = w’/g, where ir = weight of wat-K 
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anti q = weight of gelatin, and h is taken as the ratio of the vapour 
pressul-e of the gel to that of pure water at the same temperature, the 
relation bet\/eea i and h is given by an S-shaped curve, as shown in the 
diagram. i ' 



Tlio <‘iir\'e hooomos asymptotic to the line A = 1. The almost horizontal 
shape of the last portion of the curve shows that a very small lowering 
of th(‘ vapour pressure will correspond with a very large alteration in the 
degree of swelling. 

Tf the heat of swelling, IT, is defined as the quantity of heat lin calories) 
which is evolved wdien one gram of gelatin takes uji 1 grams of water, 
the relation between IT and i is given by the equation 
TT = Ai I 

where A and B arc; constants. This implies that at tho initial moment 
of the swelling process, the heat liberated by one gram of gelatin per 
gram of water absorbed will be equal to the ratio A : B. This ratio is 
found to be very large and equal to 230 cals.* The evolution of lieat is 
thus practically limited to the initial stages of swelling, a eoncliusioii 
which was also drawn by llosenbohiii, who Uised an ice calorimeter in his 
experiments. This explains an apparent contradiction to Wiedemann 
and Liideking’s result (Wwd. Annalen, 1885, 25 , 145) that the a\erage 
heat of .swelling at 18*4° is + 5-7 cals, per gram. 

Before leaving the question of tho swelling of pure gelatin, reference 
must l>e made to what is known as the von Schroedc'r pi-oblem. .\ disc; or 
plate of gelatin which has absorbed as much watt*r as possible when 
immersed in water, loses weight when jilaced in a space saturated with 
water vapour at the same temperature. On tho other hand a dry plate 
of gelatin swells up when exposed to saturated water vapour ; when it has 
reached eciuilibrium in the water vapour, however, it will, if placed in 
water, exhibit further swelling. Again, if a strip of gelatin is placed 
vertically with tho lower part in tho water and the upper part in vapour, 
the lower will swell much more than the upper part. This is held to be a 
contradiction of the second law of Thermodynamics. It is doubtful, how- 
ever, whether the phemomenon is a real one. As far back as 1791, Deluc 
(Phil. Trans., 1791, 81 , 1, 389) showed that the air above a water surface 
is only really saturated with water vapour to a height of 2-5-5 cm., so 
that equilibrium would not be obtained under the conditions observed by 


• Arisz himself did not investigate the heat of swelling of gelatin, but used the results 
of Rosenbohm KoU. Chem. Beihe/te, 1914, 6 » 177) which agree with the formula given. 
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von Schroeder. Later experiments of Wolff and Buchner (Proc. K Aka4 
WeUMch. Amderdam, 1913, 15, 1078; 1914, 17, 92) indicate tlfct the 
von Schroeder iphenomenon docs not exist under condit^ns of true 
equilibrium.^ (S^ also, Bancroft’s Applied Colloid C^iemisfry, p. 75, seq,) 
The results obtained by Arisss, that a very small lowering of tl<> vapour 
pressure corresponds with a very largo alteration in the degree of swelling 
will also explain why a real equilibrium was not obtained in von 
Schroeder’s experiments. Compare also ; Shull and Shull, Am J^Jlohnu 
1920, Z, 318. 

t 

hitfluence of Acids and Alkalis on the Swelling of Celafin. 

Hofmeister {Archiv exper. Vath. and riiarm., 1890, 27, 395) and Spiro 
(llofmeister' s Beitragc, 1904, 6, 276) early investigated the intluenee of 
acids and alkalis on the swelling of gelatin, but their methods of exjieri- 
ment were improved and their results extended by Wo. Ostwald in 1905 
{Vfiuger's^ Archiv, 1905, 108, 563). Ostwald showed that the swelling 
depends m a complex manner on the eoiieentriition . With \ery weak 
ebneentrations (N/210 RCl, N/lOO KOH) there is a minimum ^swelling 
as compared with water, the swelling then inereasing to a maximum at 
"1^/40 HCl or N/36 KOH. The minimum with very wt'ak aeid is under- 
standable, since the gelatin used would probably be on the alkaline side 
of the isoelectric point, but that with N/lOO KOH, assuming tlie same 
gf'latin was ustM, doe* not agree with the results ol Loeb, Pauli amt 
othens. Ostwald’s opinion in 1905 seemed to lx* that the minimum in the 
swelling curve corresponded with the maximum in the viseoyt.\ curve 
given by von Schroeder, wheieas according to recent ideas, “ mininuim 
and* maximum should correspond with minimum and maximum in the 
two curves.” This correspondence has recently heen emphy.sized hy Liicrs 
and Schneider (Kollold Zeitschr., 1921, 28, 1) in their experiments on the 
viscosity and SAvelling of gluten and gliadiu in the pioimee of lactic uiul. 

The influence of equivalent solutions (0-lN) of various acids on the 
swelling is indicated by tin' fallowing series — 

HCl > UNO.. > acetic > Ht> SO, > boric. 

With alkaline hydroxides the order is 

KOH > Na OH > Ca(OH)2 > NH4 OIL 

The different results which are obtained wdieu tlie swelling under the 
influence of various acids is compared with respect to (o) the equivalent 
concentrations of the acid, (h) the hydnoii coiicentratioiiK in the acid 
solutions, is well illustrated by the work of Chiari (JJujchem. Zedschr., 
1911, 33, 167), who used solutions of hydrochluiK* acetic and lactic acids 
in which the normalities varied from 5 X 10~^ to 1 X 10“®, whilst the 
hydrion concentration varied from 10 x J0~® to 1 x 10 If the curve 
of swelling is plotted against the concentration of the acid, hydiaK hlone 
acid seems to have a much greater effect than 1 ,m tic acid, and lactic acid 
greater than acetic acid; if plotted against the hydrion eoncentration, 
then acetic acid is greater than lactic acid, which is greatei than hydro- 
chloric acid. Results such as these ehow the necessity ol (h'termining 
the pH of the gelatin-acid solutions itself, and not simply ol the aeid 
solution beforct the gelatin was added. 

In the paper just mentioned Chiari is the first to suggest that the 
position of minimum swelling of gelatin corresponds with the gelatin 
being at the isoelectric point. 

Ehrenberg (Biochem, Zcitschi., 1913 , 53, 356) gives a long account of 
numerous experiments, the results of which ho is unable to explain, but 
which c^n readily he explained in the light of later work. 

Fischer and Hooker (J. Amer. Chem. Soc., 1918, 40, 272) have, investi- 
gated the swelling of gelatin in solutions varying in composition from 
ortho-phosphoric acid to sodium hydroxide, through the intermediate 
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mixtures of sodium dihydrogeii and disodium hydrogen phospaito; 
similai^y with citric acid in place of phosphoric acid. They find that 
mininiuin s^^elling occurs in (ci) a solution having the composition of 
sodium dihydrogen phosphate, (h) a solution cc^nsisting cf a mixture of 
40 per mono-sodium citrate and 60 per cent, disodium citrate. 

Atkin (J. So€. Leather Trades^ Chemists, 1920, 4 , 248)' in discussing 
these results shows that the acidity of these solutions corresponds 
approximately with the isoelectric point of gelatin, where the sM'elling 
should be at a minimum. 

The most rec'ent Knglish work on the swelling of gelatin is that of 
Miss Lloyd (Jiiochem. 7., t92d, 14 , 147; J. Soc. T.eather Traxhs^ Chemists, 
1920, 4 , 163). Solutions in boiled distilled water of the gelatin used 
gave a jiH 5-25 at concentrations of 0-2 and 0’5 per cent., so that tlie 
gelatin contained a small (juantity of base. The ash content was 1 per 
cent, and <a)nsisted mainly of calcium sulphate with traces of phosphates 
and chlorides. 

In three' experiments where the ratios, “ dry weight of gelatin^^ 
Volume \)f, 0-001 N HCl ” wore 0*8,' 100, 0-8/1000 and *0-8/10000 rt'speetively, 
the swelling was all the greater as this ratio decreased, in the first two, 
cases the swelling attaining a -maximum value,* whilst in the third the 
gelatin went into solution. The sw-elling thus seems to depend on the 
satio of gelatin to acid, and this only can he exjjlained ,,by the assump- 
tion that different amounts of acid are absorbed by the gelatin in tin- 
thiee dilFerent experiments, the pH of the gelatin, and eons('fjuenll> 
the >swellitig thus being different in the three cases. That this is so i'- 
evidenced by the fact that the pH of the external solution change^, ^roiii 
the original value of 3-0 to 4‘4, 3*57 and 3-25 in the respective experi- 
ments. The aih/Ual pH of the gelatin itself was not nu'asuri'd by Miss 
Lloyd, but it is kiioAvn that the swelling curve falls sharply aw*ay from 
the maximum point at pH - 2-4 (Atkin, he. cif.), so that small altera- 
tions in the pH of the gelatin will cause large alterations in the amoiini 
of swelling. 

In other ('xperiments the swelling of gelatin in diflcreiit coiK-eiitratioiif. 
of liydroebloric acid and sodium hydroxide was (h^terminod. The 
results are best indicated by the annexed diagram (Fig. 11), which 
repri'sents the swelling at different pH values after an arbitrniy period 
ol 48 hours. Unfortunately in these experiments, also, tlu' ratio of drv 
gelatin was not kept constant, but varied from 1/2200 to 1/3750, si> 
that the curve cannot be taken as (juaiititatively accurate. 
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* Mias Lloyd Htatos iu this paper that “even alter -J or 3 mouths the swollen gels still 
show a steady increase in weight,” that is, a true maximum of swelling is not obtained. 



If solutions of gelatin in hydrochloric acid or in sodium hydroxide 
which have been made by allowing the gelatin to stand in cont|ict with 
these liquids in the cold are examined nt the momvnt of mhifion, there 
IS no chemical evidence that there has been aaiy breaKdown of the 
protein moiechle. From the hydrochloric acid simiLion, the gelatin can 
})e recovere4 with its original properties, so that the reaction: — 
gelatin + HCl ^ gelatin hydrochloride, is reversible. From the 
sodium hydroxide solution., however, the gelatin is not nxun^ered with 
its original properties, so that the formation of sodium gelatinaU- is not 
reversible. * 

In some further interesting expenmeifts Miss Lloyd deals with the 
behaviour of gels, swollen in acid or alkaline solution, wlnm they are 
transferred to a saturated water vapour pliasc. The results liavo 
bearing chiefly on the structure of gelatin gok. 

C. R. Smith (J. Amrr. ('hrnu Soc., 1921, 43 , 1350) has investigated the 
swelling, of gelatin (and the osmotic pressure of gelatin solutions) m the 
jiresence of acids and alkalis and obtained results wdiieh are in accordance 
Vith the later ones of Loeh, although he criticises adversely earlier 

Avork. Kuhn {Koll. lieihefte, 1921, 14 , 147) has studied the swelling of 
gelatin in aqnoous solntions of some 44 organic acids and jiliciiols. (Jri'at 
care was taken to purify the acids and jihenols used, hut the gedatin was 
an ordinary commercial powdered sample, containing 3*11 per cent. rf)f 
ash. Ho finds that tht swelling curves are in accordance with the ordinary 
adsorption isotherm 

X = f/r» 


Where x = ejuantity of wafer absorbed 
r = concentration of the acid. 

(f and n = constants. 

No relation between (/, n and the dissociation constant of tln' acid was 
found to exist. It ia remarkable that in a iiaper of such recent date no 
account is taken of the pH of the solutions, nor is refonMicc iinuh' to 


Loeb’s work. 

Reference inav be made to the following papers which deal witli the 
mechanism of swelling in acid and alkaline solutions, more especially 
fiom the theoretical point of view ; the snhstanec used was 
and not gelatin. Tolman and Steam (J. dmrr. f'hrm. Sor 40. ^64 , 

Tolman and Braeewoll (ihid, 1919, 41 , 1503), Bracewoll (,hid, 1919. 41 , 
1511). 


Influence of Sal fa on the Swrlliug of (^ehifin. 

Hofmeister (/or. cif.) .slumed that with sodium salts the swellii^ 
decreases in the order ;—Bromi(h>s > nitrate > <*l»lorates > chlorides > 
acetates > tartrates > citrates > sulphates, 'lo these may he added 
thioevanates > iodides > hroinides, etc. 

For such expiM'imoiits it is of importance to use a g'dalin "‘' y' ^ 
neutral as possible, and it is moreover ot in-poi lance to no1(> tl.at the 
(onwmtration of the salt solutions employed has an iTifliumcc on the 
result With 0*125-molar solutions Wo. Ofltwakl states that sulphates 
acetates, tartr^es and oxalau^s lower the .swelling inaxminm, whe.cas the 
maximum is raised by nitrates, chlorides, bromides, 

The inflneive of different concentrations of 
comnlioate*d one Wo. Ostwnld (Pfluger's Arrhiv, 1906, 111 , >>81), ns np 
soTilimX found that .ith M/8 -iutmns there a mn^ 

swelling, which was followed by a minimum ; 

These maximum and minimum points are claimed to " 

images of the minimum and maximum points observed 
in the .viscosity curves. Similar results 

of potassium, ammonium, lithium, ca cniin, anum .i . r- stati' 

with the nitrates of potassium, sodium and 

ment is made that there ^s a complete and perfect paiallel.sm or rnirroi 
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image effect between the swelling and viscosity. Ostwald, however, seems 
to havetstrained the interpretation of the results to a considerable extent 
in order to ^ake them fit in with the mirror image theory; swelling 
and viscosity results should run parallel with eacji other. The fact that 
calcium chloride causes much greater swelling than sodium chloride 
indicates that Ostwald must have used an acid gelatin, so that his results 
are not necessarily comparable with those of von Schroeder. Thus again 
is the nejessity emphasised of knowing the pH of the gelatin in all 
experiments carried out. 

A* further complication which may occur in all experiments* witli 
neutral salts is that owing to adsorption effects by the gelatin, hydrolysis 
of the salt may occur (unequal adsorption of the ions); owing to this 
hydrolysis the gelatin becomes acid or alkaline, as the case may be, and 
the swelling is thereby affected. As a matter of fact Bancroft {Appliea 
Colloid Chemistry) criticises Loeb’s earlier work from this point of view, 
but the mass of data now collected by Loeb in support of his ideas i'' 
such that it is doubtful whether Bancroft’s criticisms are valid. ' 

A factor which is of importance and of which sufficient account ha;' 
not botni taken in swelling experiments is as follows: — It is possible 
that if the salts arc dissolved in the gelatin itself before it is swollen, 
the results may bo quite different from those which would be obtained 
if the pure gelatin were used. Ehreiiberg (Biochem. Zeitschr., 1913, 
53 , 356) states that the action on the swelling, of tsalts, acids and baKe‘^ 
dissolved in gelatin itself, is the same as if they were in the outer 
solution, vjhereas Miss Schreve (J. Franklin Inst., 1919, 187 , 319) is ol 
opposite opinion. She states that when dry gelatin is made up to a gel 
wdth any of the solutions given below, instead of with water, or whev a 
gelatin gel containing 72 i)er cent, of water is allowed completely to 
absorb 1/5-3/10 of its own volume of these solutions at 10®-30®, the 
imbibition al properties of the gelatin are so changed that the rate or 
swelling is increased. These solutions are: — M-NH^Cl, M-NaCl, M-NaBr 
M- and 2M-C2H^OH, M- and 2M-Na citrate, M- and 2M-Na tartrate, 
M- and M/2-Na2SO,. When, however, a dry gelatin is made up to a ge! 
with water and placed in thi^e solutions and the rate of swelling com- 
pared with the rate of distilled water, the results are found to agree with 
those of Hofmeister, that is the rate of swelling is greater for NH^Cl, 
NaCl and NaBr than for distilled water, and less for C^H^OH, Na citrate, 
Na tartrate and Na^SO^ than for distilled water. “ It' is therefore not 
safe to draw conclusions regarding the effect which substances within a 
gel exert on its swelling capacity, when the evidence for such a conclu- 
sion lies in the known effect of an external solution on the same substance 
or other gels.” 

Ehrenbcrg (lor. cit.) carried out a large number of swelling experiments 
with different salts, and with different combinations of salts, but it is 
difficult to know what value to assign to his rcsulte, since no methods 
are given for the preparation of the gelatin gels. Rc'sulte for which he 
can find no explanation are readily explicable in the light of later work. 

Lenk has published two long papers on (cf) the action of single 
electrolytes on swelling (Biochem. Zeitschr., 1916, 73 , 15), and (h) the 
action of combinations of electrolytes on swelling (ibid. 1916, 73 , 58), but 
since he used gelatin discs which had already imbibed wate^' to 80-85 per 
cent., and his method of experiment was very crude (compare Wh. Ostwald, 
ibid, 1916, 77 , 329), the results obtained are of very little value. It is 
pointed out, however, that the order of the Hofmeister series depends on 
the concentrations of the solutions used. 

Mutscheller (J. Amer. Chem. Soc., 1920, 42 , 2142) finds that gelatin 
shows a maximum swelling (and viscosity) in the presence of 0-28-M zinc 
sulphate. Since zinc sulphate is hydrolysed in solution, this effect may be 
connected with the acidity of the solutions, but no measurements of the 
pH are given. 



93 


In a previous section, when dealing with Loeb’s w’ork, it was sh'iwn tliat 
the addition of a salt to a gelatin on the acid side of the is<^lectric point 
reduces the viscosity of the gelatin solution ; the same is true of the 
swelling of>g01atin. Procter made use of this cffwct in determining the 
amount of a^id retained by gelatin swollen in hydrotdiloric acid (compare 
also, Smith, J. Amer. Chem. Soc., 1921, 43, 1350). Bechold {CollouLs it? 
Pathology and Medicine, 1919, p. 69) cites an experiment in which 0*78 
gram of gelatin swelled in *100 cc. of 0 05N-HC1 until it weiglied 14*61 
grama. The weight w*as only about 7 grams wlien the solution was*also 
half molecular with respect to potassium i hloride, and 2*84 grams when 
half molecular with respect to potassium citrate. 

Jnflvcnce of Oiganie Sithsfances on the SirrUmg of dektiin. 

Fischer and Sykes (KolUnd Zciisvhr., 1914, 14, 2151 found lliai non- 
electrolytes (sucrose, laevulose, dcxtrosi*, methyl a^nd propyl alcoliols, 
])ropyleue glycol and acetone) reduce the swellijug of gelatin, tlu* elfi'cl 
increasing with increasing concentration of non-edectrolytes. Tins is in 
contradistinction to the action of eloctrolytcis, which witl? increasing 
concentrations have less and less effect. Carbamide (urea), which aits a. 
an organic base, increai'.cs the swi'lling (Fischer and Sykes, Kolknd 
ZeiUvhr., 1915, 16, 129). The addition of h>drochloric acid, sodium 
chloride or mapiesium sulphate increases the swmlling due to carhamiot’. 
Pyridine also increa(?es the swelling, owing to the alkalinity of tlie 
solution; the addition of hydrochloric acid to the pyndine solutions first 
decreases the sw^elling (removal of OH' ions) and then increases it (addition 
of H* ions). Rodimn <'hloride and dextrose redu<-e the sw'<‘lling dm* lo 
pyi'idine. 
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MELTING And FBEEZING (SETTING) POINTS 
OP GELATIN 

In the case of an einuhoid colloid such as gelatin, the change from a 
firm solid (the gel) through various phases of viscid semi-mobility to 
true colloidal solution (the sol),<i:aiid vica versa, is so gradual and uniform 
that the jiroce'^s seems to be a continuous one, and it becomes difficult to 
apply the terms melting point and fre<'zing point in the way in which 
they are used in coniuiction with crystalline substances. The heat effects 
which occur when gelatin sets or melts have not been investigated very 
thoroughly and the information giv<*n in the literature is contradictory. 
Frank (K(tU. Beihefte, 19J3, 4 , 195) studied the heating curves of gelatin 
gels, usinf; a thermocouple arrnngenient, but was not able to observe any^ 
appreciabh' absorption ot heat on melting. On the other hand, Coblentz 
{Chem. Zeit., 1918, 42 , 533) states that as soon as the sol lK*gins to gel , 
there is an arrest in the temperature; there may ev'cn be a rise of 0-l°-0-2”. 
(Compare also; Winkelbl<^<h, Zedsch. nmjerr. dhem., 1906, 19 , 1260.) 

Notwithstanding the above-mentioned uncertaiiUies, various simple 
methods lu^ve lieen devised by means of which the so-calh'd setting and 
melting points can bo determined within very narrow limits of tempera- 
ture. Among the crudest oi tlu'se methods are those whU'h depend on 
observing eitlier^tlie temiKTature at which a dis<‘ ol gelatin begins to fose 
its shajie (van der Helde, InaxKj. Dissert. Munich, 1897; Chercheffsky, 
Chern. Zcit., 1901, 25 , 413; Sarnmet, J. Irul. ilmf. ('hem., 1918, 10 , 595) oi 
th(‘ temperature at which the inenis<*iis of a g(‘l, contained in a tube, 
begins to take on a slope when the tiib^ is inchm'd (Kissling, Cheni'. Zed., 
1900, 24 , 567; 1901, 25 , 264; Lovites, Kolhut Zedschr., 1907, 2 , 161). 

One of the simplest methods, which is said to give very satisfactor> 
results, is that duo to Pauli (Pascheles) {Dfiuijeds Arehiv, i898, 71 , 333). 
The gelatin sol is cooled down in a vessel similar to that ustnl in the 
llwhinann freezing point method, and the highest temperature at wliich 
there is a resistance to tho withdrawal ol the jiartially immersed thei- 
mometer is taken as the freezing or setting i>oint; the lowest temperature 
at which the thermometer can be freely withdrawn from the gelatin (on 
warming) is taken as the melting point, in connection with this nu'thoii 
it must be remembered that tho liehaviour of a gelatin aol or gel depends 
on its previous thermal history, and conseijuently tho temperatures al 
which the sols set or tho gels melt will depend on the velmaty with which 
th(! heating or cooling takes place. With slow cooling tho sol will set at 
a higher temiKTature than with fast cooling, nee veisn, the mor<^ slowly 
tho gel IS heated, the lower is the temperatun' at which it melts. Wo 
Ostwald (Kleines rraldilum der KotJoidchemie, 2nd Edit., p. 76) defines 
the normal rate of heating or cooling as an alteration of 1° in 10 minutes, 
but tho most <'onvenient rate seems to be 1° in 5 minutes. 

The difficulty of determining the temperature at which the gel melts 
has led various investigators to make use of some kind of external 
indicator. Herold, for example, encloses a thin layer of gelatin between 
tho thermometer bulb and a surrounding glass tube, and notes the tempera- 
ture at which the latter begins to fall away from the thermometer {Chern. 
Zed., 1910, 34 , 203; 1911, 35 , 93). Traube and Kohler (Interjuiit. phys- 
cheni. Biol., 1915, 2 , 42) make use of a method described by Schryver for 
cholato gels {Vroc. Boy. Soc., 1910, 83 , 96; 1914, 87 , 366). A test tube* 
containing the gelatin sol, which has previously been waxrmed at 65°, is 
put into melting ice. The setting point is that point at which small glass 
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beads, which are strewed on the surface from time to time, only sink to 
half the depth of the gelatin.* ^ ' 

Coblcntz {Chvifi. Zetj., 1918, 42 , 533) imprisons ysoine small air bubbles 
in a sol contained in a glass cylinder, through the cork of* which the 
thermometer passes down into the gelatin. The iwlinder and contents 
are heated at 40'^-50^ and then put in a place at a ti'inperature 2^-3'^’ 
lower than the expeck*d s^‘tting temperatuns and shaken witli a rotary 
motion from time to time. As soon as the solution begins to gel thfjre is 
an arrest in tin' temperature for a short time; tlwM’e may even be a rise, 
of 0-l°-0-2o. At a slightly lower tempm-.nnre, which is sharply defined, 
the air bubbles no longer follow the mo\ement of the lujuid. 

Gamble (Brit. Jour. Bhot., 1910, 57, 668) describes a method which is 
essentially a inodilication of the ordinary melting point mi'thod with 
capillary tubes, as used in organic <-lieiiiistry. Jl'be capillan tubes, 
about 60 mm. long by 3 mm. in diameter, are attached to a thei nioineter 
^dipping into a test tube of water which fiirthei dips into a huge Ix-alaw 
of w’ater. The woiter in the beaker is heated very slowly, amf the inelium 
^ point is taken as that temperature at which the <‘onca\e nieinscus gives 
place to a flat surlace. The indication can Ix' made more c('rtain by 
placing a small shot on the gel in the capillary tulM', at the monn'iit the 
meniiscus of the gel alters the shot sinks down through tlie gelatin {jotvfiie 
communication). Pull didails are given of tin* iiietbod «»f prepaiing the 
gels and Gamble stakes that the individual determinations a^ni* within 
()'3°, but that with gels containing a high propoition ot gelatin it w 
more difficult to obtain strictly concordant K'sulbs. 

Sheppard and Sweet (•/. luJ. Em/. Chnii.. 1921, 13 , 423) use a inetlioii 
the apparatus for wdiicli is l»ased on that usetl by Plemming {ZtiLschi 
iJiysikaJ. Chcmic, 1902, 41 , 427) ior the study of tlie iat<' ot coagulation 
of colloidal silicic acids. Th(‘ ]»riiiciple ol the method is as lollowvs- - 
An intermitknit stream of air bubbles, under constant jns'ssiire, is pas.sed 
through the gelatin sol, the lattei being cooled by ice watei. A 
thermometer is immersed with its bulb near the orifice tioni which the 
hubbies emerge, and tin* temix'rature at which they c<‘ase to pass is 
taken as the (setting point, T/cc rersa, alter sufficuMit iiiKh'i-cooling. the 
sc't gel is surrounded with water at a definite higher temixMatuK', ami 
tlie iniilting ixniit taken as the lem]>erature at which tin* an hubhk's 
again pass through. By an appropriate apparatus it is .so ariangeil that 
tlie air bubbles pass e\er\ liftemi seconds under a slight hut deliiiik head 
of prt^sure. The orifii'e Ironi which the hubbies issue is of definite shape 
ami alw^ays keiit at a fixetl depth helow' the -mtace ol the solution. The 
time necessary for the setting to take jilace wnh tin* difti'rmit sols can 
also be regisk'ied. The authors also describe a 'implcr apparatus, which, 
however, is not so satisfactory. 

Setting and Melting Points of Bure fielatm Sols and 

In the aection.'i on viseositv and swelling it was shown that the previou.s 
history of a gelatin sol has a pronouneed effect on tiie results olitained, 
owing, in all probability, to changes which take place in tlie eoiistitution 
of the soi. "^Arisz’s experiments on the Tyndall eflect indicate that 
similar changes take place in the gel. It follows, therefore, that the 
setting and melting points of sols and gels will al.so depend on tin* jirevious 
history of the systems, that is, in order k) obtain comparable results the 
experiments should always be carried out under the same conditions. 
Neglect of such precautions lias led to contradictory stakments Ixung 


* Actually the time necosaary for the bcada to fall from the surface (>{ the liquid to the 
bottum of the tube is also measured at definite intervala, and from the reaultH the moment 
and temperature of setting is readily ascertained. 
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made in the literature. For example, Pauli and Roma {Beitr, Chem. 
Physiol Path , 1902, 2, 1) state that the curve connecting the melting 
points of gelatin gels with their concentration is concave to the con- 
centration axis, whil t the corresponding sett'ng poinj, ^urves are 
practically®fitraight lines. Herold (Chern. Zeit., 1910, 48, 203) states that 
the relation between the concentration and the melting point is a straight 
line, and since the melting point will depend on the concentration of 
a. -gelatin, as distinguished from /1-gclatin, th? slope of this straight line 
is u^'ed to evaluate the quality of the gelatin, the slope being all the 
greater the better the grade of gelatin. 

The effect of previous history can be predicted by analogy from the 
behaviour of gelatin with respect to viscosity and swelling. The following 
may, however, form a convenient summary of the behaviour of gelatin 
under given conditions (Wo. Ostwald, Kleines Praktkuiii der Kolloid- 
cheinU, 2nd Edit., p> 78). A 12 per cent, gelatin solution is divided into 
two parts. One part is kept in an ue chest, whilst the other part is 
preserved in a hot air oven in a conical flask fittetl witli a cork and. 
capill.iry tuln^ (to avoid evaporation). The two solutions are brought 
quickly to 40®, whereby the gel from the ice chc*Rt meltis, and then the 
times neewnary for gelatiiiisation to take place, the setting points and 
the melting points, are determined. The solution which was kept hot 
takes a longer time to gel and has a lower melting point then the solution 
which was kept in an ice <“hest. 

The following results given by (lamble (Brif. Jour. Phot., 1910, 57, 668) 
bear on this point: — 

A 5 per cent, gel after keeping for 4 hours at ordinary temperature 
gave the following melting pointe: 30 2®, 30 2®, 29 7®, 294®, 294®, 296°, 

29 7°: mean 29 74°, A portion of the same gel was remelted and fresh 
tubes filled, which were then allowed to stand for 17 hours. The melting 
points were th(*n : 308°, 306®, 308®, 308®, 31®, 308°, 308®, 31°; mean 
S0S2°. 

A 10 per cent gel, after standing in the tubes for 5 hours gave. 30 4°. 

30 4°, 30 2®, 30 4®, 30 4®, 30 4®, 30 4°, 30 2°; mean 30 25°. After standing 
for 17 hours the melting points were: 30 8°, 30 6®, 30 8°, 30 8°, 31®, 
30 8®, 30 8®, 31°; mean 30 SP. 

A.S the concentration increases less ilifl’erences in the melting points are 
found between tubes which have stood for shorter and longer periods. 
Generally there are greater variations betw(‘en individual measuiaunents 
when the tubes have stood for a short period. 

Herold {('hevT. Zeif., 1910, 34, 203) allowed a 10 per cent, solution to 
set for 12 minutes at dilferent temperatures, and then determined the 
melting point The curve showing the relation liet^veen the molting point 
and the setting temijerature gave a sharp maximum at 23°. With a 
20 per cent, gel and a setting time of 10 minutes th(‘ maximum was not 
so pronounced. Such a maximum is evidently a result ol two factors which 
affect the rate of attainment of equilibrium, namely, the tiunperature, 
and the distance the system is removed from the point of equiabriiim. 

The following table shows the i elation between the concentration and 
the setting and melting points, as given in Ostwald’s book (p. 78) : — 

Per cent, concentration 12 8 6 4 3 2 15 

Setting point ... 215® 199® 17 9® 14®(?)125® 6 9° 18® 

Melting point ... 27 6® 26-9® 26 3® 24 1® 214® 19 0® 15 4® 

The results are shown graphically in Fig. 12. 
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Fig. 12. 

As distinct from the ordinary crystalline suhsianccs the meltiny; point 
is much higher than tlie setting point, a fact which would appear to 
indicate that the gel is much more complex ui its constitution tlian the 
sol. 

Sheppard and Sweet (•! . Ind. TJnff. Chfin., 1921, 13, 423) iinestigated 
I, 3, 5, 10, 15, and 20 per cent, sols, the percentage being reterred to 
gelatin dried at 105 '-^. TIk'.v were prcpai(‘d under standard conditions, 
which were not defined more exactly than hy saying that there was (1) 
a definite period of swelling in cold water, (2) a defoiik' period of h<*atiiig 
and stirring at 70^, (3) a definite short period of ic iting at lOQo. 20 ec. 
of the solution thus prepared wer<- placed in a i 25 inch test tube, this 
fixed in a wider test tube (2 iiicli) serving as an air jacket and tlie whole 
immersed in the cooling vessel. The rate of fooling and heating are 
not given, but judging from the curves given in the illustration of the 
results (which are not given in detail), it is about 1 m 2-3 mins , 
apparently it is not the same in all cases. 

The curves showing the relation, between the concentration and tlie 
sotting and mejting points do not ooincido, and llioro is an » 
constant difference in temperature hetwerui tlie M'ttiiiK .ii d m - 
points at the different eoimentratioiis. The curves for differ, nt oil., I in, 
fretiuently cut each other. 

Influence of Acids and Alkalis on llrhrt nisatwn. 

Loeb a Gen. rhysioL, 1921. 4, 73, 97) has shown that the rate of 
increase of viscosity of a gelatin solution is greater at 
than in more acid solutions. Since the time taken or 
henee the setting point, will probably Im connocted with the late o 
increase in viscosity, it might he expecte.l that f 

of acid the setting point would ho rinsed, that is, geUtinisation aouirt 
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be accelerated. At higher concentrations gelatinisation should be 
retarded, the setting point being lowered. The resulte given in the 
literature arl contradictory, however, possibly because the experiments 
were carried out undeif different conditions. Traulfe and Ko|iW {Internat. 
Zeit. phifi-chem. Biol., 1915, 2, 42), who cooled the sol (l-7o per cent.) 
pieviously heated to 65^, in melting ice, found that if acids'were present 
in a concentration of less than 0-01 mol. per litre, the rate of gel forma- 
tion was increased, whereas above this cc^centration they exert an 
inhijbiting action, which, with the exception of very weak acids, reaches 
a maximum when the solution contains 0-019 mol. per litre.* The melting 
point of the gel (heated in a bifth at 26°) is affected in exactly the reverse^ 
manner. The acids investigated were : Hydrochloric, nitric, sulphuric, 
o-phosphoric, phosphorous, hypophosphovous. boric, hydrocyanic, acetic, 
chloro-, dichloro- and triehloro-acetic, ?-valeric, oxalic, succinic, tartaric, 
citric, and salicylic acids. Bases (potassium hydroxide, diethylamine, 
piperidine, pyridine*) inhibit formation and accelerate solution of the 
gel.t 

On thendher hand, Fischer, (Kolloki Zeiiachr., 1915, 17 , 1) found that 
in th(‘ presence of 0-01 N-HOl the setting point of a 2 per cent, sol 
was lowered. Both hydrochlori<-. acid and sodium hydroxide were found • 
to IniA^e a very ])ronouiiced influence on tlu' liiiiiefaction of the g(‘l, the 
influence becoming more marked ns the eoncentration of the acid or 
alkali was increased. The presence of acid or alkali noL only retards 
the process of gel formation, hut also litpiefies the gel already formed. 

Cchlentz* (Chem. Zeit., 1918, 42 , 533) states that acids and alkalis 
lower the setting point, e<juivalent quantities of c'itrie, tartaric and 
glycollic acids having the same effect. i 

The addition* of sodium chloride to a hydrocliloric acid solution of 
g<‘latin should repress the dissociation ot the gelatin hydrcK-hloride 
])resent and therefore have an effect on the setting point. Traulie and 
Kohler {loc. cif.) found that for dilute solutions (N/50-N/100) of acid 
the effect of the addition of salts is to connteraet the hqnefving leruhniey 
of the acid or base. A similar result is obtained by the addition of salts 
to sodium liydroxide gelatin. The .>alts used were . sodium chloride, 
calcium chloride, sodium sulphate, potassium chloride, potassium bromide, 
potassium iodide, potassium nitrate, potassium thuK-yanate, potassium 
sulphate, potassium citrate and potassium tartrate, the last two being 
the most effective. 

Fischer and Coffiiiaiin (J. Am('r. Soc., 1918, 40 , v303) have 

investigated the effect on 1 per cent, gelatin at 20° of solutions varying 
ill composition from ortho-pho.sphoric acid to sodium hydroxide, through 
the ill ter mediate mixtures with sodium dihydrogen phosphate and 
disodium hydrogen phosphate; similarly Avith citric acid in place of 
phosphoric acid. These solutions Avore thereforo similar to those used 
by Fischer and Hooker (J. Amer. r/iei/?. Soc., 1918, 40 , 272) in their 
experiments on swelling. Tlie gelatin remains set in the middle solutions 
of the series, that is, lu the neighbourhood of the isoelectric point, there 
being a progressive iiw^rease in fluidity on either side as the, conciuitra 
tion of the hydrioii or the hydroxide ion increases. With solutions 
varying in composition between sodium hydroxide and sodium carbonate, 
the gelatin remains set at a composition corresponding with sodium 
hydrogen carbonate (the swelling is also at a minimum at this point), 
but tends to liquefy as the bicarbonate is replaced by carbonate or by 
pure tjodium hydroxide. Patten and Johnson (J. Chem., 1918, 88 , 

179) have carried out similar experiments with a 3 per cent, solution at 
21°, at the same time measuring the pH of the various solutions. They 

* Traube and Kohler state definitely that the concentration of acid which produces the 
maximum inhibiting action on gel formation is approximately that which has the greatest 
effect on swelling. 

t Compare, however, Davies, Oakes and Brown (J. Amer. Chem. Soc., 1921, €3, 1620) who 
state that the rate of increase in viscosity of a 1 per cent, solution is a maximum at 
pH — 8—8 6. 
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find that a 3 per cent, gelatin liquefies between pH 8*4 an|i 9-2 in 
sodium bicarbonate solutions; between pH = 8-4 and 1^1 in 001-N 
phosphoric fe^^id aoluticms; and between 8-4 and ^6 lor citric acid solu- 
tions. Th^se'data malsfe it clear that the setting of gelatin iS|intluenoe(i 
by the hydrqgen ion concentration of the medium. The following figure 
flS) shows the effect of temperature on the setting of 3 per cent, gelatin 
in 0’1-N phosphoric acid-sodium hydroxide solutions from 18^-25°; the 
narrowing of the pH range for solid gelatin solutions due to the rise in 
temperature is clearly seen. * 



Fischer makes use ol ti.c r«‘-ults he has ohianiecl with liis vaiious 
collahorators to .support his ti.eor> that thc^ hydration and the solution 
of a protein are not one and the same thing. 

Influrnce oj Salts on I hr (irlahni'^af ion . 

In coiinec'tioii with the influence of salts on the setting and 
points of Knlatin a niass ol data has pul.lishod nhich ‘f. ‘ 

to summar.so, ow.np, to tin- lant (hat th,- , onoont, atoms salt 

solutions and of the (telatin solutions arc wn difWcnt in 
paimrs. in no case has tlio pH ol tho variou. solulmna h,...ii " ‘d, 

so that it is not possible to use that as a k»,uo 10 (ho results The 
most careful work seems to have been done by 1 auh and his eo-uorkeis, 
and by Traube and Kohler, and their results v dl be, dealt «ilh far. t. 

Pauli (Pascheles) (Pflu„.r's Arehh, 1898 71, 333f “"‘'I’''"” 

(mtr. Chem. FhyPwl. Path., 1902, 2, 1 {"ihe 

10 per cent, with respect to sclaliii, whilst the cone.mir.iti. n . of tli 
various salts varied uj) to 5 normal, unites eongu .i ion o it ' 
first took place. They found that the chlorides, bromn es 
of sodium* potassium aud animomum lowei both the ''® ‘ j 

the sottinE point of 10 per cent, golatin. Generally speaking t u 
lowering is imt very marked at first, but as tlic coiieontration of tlie 
added salt is incr..ascd tlie efieet beeomos more and , 

On the other hand the sulphates of sodium 

ammonium all raise the setting point an me iiig , , j hetw'ism 
there is a parallelism between the curves showing the region betwis u 
the concentration of salt and the setting and melting pointe also the 
varialn in the percentage of gelatin leaves the relative influence of 
the- various salts unaltered. 
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Comparison of the results obtained with a large number of different 
salts shows tVat the anion has the preponderating effect^ that of the 
cation being otilg suh^ia/nj* In the order of ^vouring .gel formation 
the anioni can be arranged thus: — 

S04 > citrate > tartrate > acetate > HgO > Cl > CIO3 > NO3 > Br > I. 

Salts OF the left side of H^O raise, whilst those on the right side 
lower, the setting and melting points. ' 

Tffc affect of the cations is shown by the order 
Na > 'K > NH4 > Mg. 

The action of the various salts does not seem to depend on their ionization 
or on their power of precipitating gelatin. For example, sodium chloride 
and aninionium chloride have very nearly the same effect on the setting 
point but ammonium chloride does not prtx’ipitate gelatin at any con- 
centration, in contrcftlistinetion to sodium chloride. So<lium acetate and 
swlium chloride both precipitate gelatin, but have opposite effects on the 
setting pftii^t. ^ 

Experiments with mixtures of salts (in equivalent concentration) showed 
that the united effect of a mixture is the algebraical sum of the indi- ' 
vidual effects. It is thus possible to prepare a mixture of salts w^bich has 
n». action on tbo setting point or melting point of gelatin. 

Traube and Kohler (Internal. Zeit. phys. Ched. Iho}*, 1915, 2 , 42) 
used a 1-75 per cent, solution of gelatin, whilst tin' concentrations of the 
salt solutioiiR varied only up to 0*045 equivs. per litre. For potassium, 
sodium and cah'ium salts the order of the anions with respect to tbo 
acceleration of the formation of, and inhibition of the solution, of a 
gel is : — 

trichloroacetate > salicylate > iodide > bromide, and cyanide > nitrate > 
chloride > sulphate > citrate, 
whilst the order of cations is: — 

Ca > K > Na. 

Above a gelatin concentration of 2*7 per cent., however, the anion order 
is reversed, both with respect to the effect on the formation and solution 
of the gel, that is, the order is the same as that obtained by Pauli, 2*7 per 
cent, is the limiting concentration, or reversal concentration for KI ; it 
was not determined for other salts. 

Levites (J. Ituss. physiko-chem,. (hs., 1901, 33 , 726; 1902, 34 , 110, 441; 
1903, 35 , 935, 1004; 1904, 36 , 401 ; KoUoid Zeitffchr., 1907, 2 , 161. Soo also 
Daste and Floresco, Archives de physiol, 1895, Mbrner, Zeitschr. f. 
physiolog. Chenu, 1899) has carried out experiments with some 80 
different salts, but his results do not add much to what has already been 
stated. Salts of monobasic acids are said to retard, whilst those of di- 
and poly-basic acids accelerate the formation of a gel; there are excep- 
tions, however, since alkali formates and acetates accelerate gelatinisation. 
Levites puts forward the proposition that the more readily gelatin dissolves 
in a solution the less rapidly will the sol gelatinise; ejj., gelatin doee 
not dissolve in cold water, but it readily does so in a 15 per cent, solution 
of potassium iodide, and the sol formed gels only very slowly. 

Steele {Zeitschr. physikaJ. Cheniie, 1902, 14 , 713) givesi a number of 
facts with respect to the action of various salts on 12 per cent, gelatin 
solutions, and Larguier des Baucels {Compics rendns, 1908, 146 , 290) 
descrilies the solvent action of tw'ice-molar solutions of various salts on 
gelatin, but no new facts are adduced. Cohlentz (Chem. Zeit., 1918, 42 ^ 
533) states that alums raise the setting point, and Briggs and Hieber 
(Jovr. Physikal. Chem., 1920, 24 , 74) obtain tbe usual series with o 5 per 
cent, gelatin solution and either 33 per cent, or saturated solutions of 


* This statement is easy to understand if the gelatin is on the add side of the isoelectric 
point, but unfortunately the only detail given about the gelatin is that it was ardt-free. 
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various salts. The latter, as also des Baucels, showed that th# various 
salts can be removed from the gelatin solutions by dialys^, the original 
properties dflthe gelatin being regained. Wo. OstM^ald {Kleines rmkfikum 
(ier iLoUotdcAertiie , 19Z1, pp. 79-80), using 3 per cent, gela^n solution 
and semi-normal solutions of various potassium salts, gives the following 
order of anions with respect to their influence on the time of gelatiuisa- 
tion at the ordinary temperature, the solutions having previously been 
heated to 40® for 10-12 minutes. 

Sufphate > citrate > oxalate > acetate > chlorate > chloride > carbonate > 
nitrate > bromide > cyanide > thiocyanate*> iodide > salicylate. 

The salts as far as the carbonates accelerate the rate of forinution ol the 
gel, whilst the remaining salts have a retarding action, as cotnpau.i 
with the pure aqueous solution ol the gelatin. Cyanide's, thiocyanates, 
iodides and salicylates, at the conci'iitration given and any higher con- 
centration, completely pievent gel lormation. This* anion sei is said 
to hold*for slightly acid as well as slightly alkaline gelatins. 

• Tlio influence of cations, with sulphate as the union, ij 
negligible; there does not appear to lie any sulphate, which, at the 
* given concentration, will letanl tlie rate of gelatinisation. (hun'rally the 
cation series varies with the concentration of the salt, as also with llio 
acid or alkaline reaction ol tlie gelatin." Foi example, lor a weak a»e.l 
gelatin the older wa#> 

Na > Oa > Zn > Mg > (hi > K > Nll| > Al > Fe, 
whilst for weakly alkaline gelatin the orrler was 

Cix > Zii > (hi > Na > Mg > Nil, > Al > Fe > K, 
the salts whth the oxceplioii of CaSO,. ail Ixong in O-T. \ . solution 

li\fi\nincc of Non-clcctrohilva on chit in mol urn . 

The general results obtained may he stated as lollow's 

Subufances which tower the srfiuKj i>oint oi retont (fehifmi'nit iim. 

ATonohydric alcohols, the ollVct luong tin* more i)mrk<«.l the 

greater the molecular weight of the alcohol, fTraiilie and Kiihler (loc. cii.) 
state, however, that metlivl alcohol accelerates tho rate of gel ionnation 
(1-75 per cent, gel) at concentrations of 0-8 and 1*0 molar, although it 
retards at 3-molar] ethyl ether, chloroform, chloral hydrate, ethyl acetate, 
urea, thiourea, furhirol. 

l^uhiitances which raise the setfimi point or aceclerivtc gelatinisation. 

Polyhydric alcohols, including ghceiol and the sugars (sucrose, 
mannite, etc.). 

The above results are due to Pauli, Levites, ile naucels, Trauhe an.l 
Kohler, Coblontii, and Brisgs and Ilieher. (he. nl., 

* This again points t.. the necei^sity of knowing Um- pH of the s(llnt^on^. 
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COiOU^TION AND PEXOIPITATIOH OF QELATIK 

In an ordinary colloidal solution there is a uniform distriiution of the 
disperse pLase in the dispersion medium, the disperse pHase being of 
fiubmicroscopic dimensions. Under certain conditions the submicroscopic 
particles can be made to aggregate together so that they become of 
rairroscopic dimensions; accompanying this aggregation there is a loss of 
uniform distribution of the disperse phase in the dispersion medium and 
the sol is said to //reripifafe, clot or coagulate. This is quite different 
from gelation or gelatin isation,*' where the liquid sol changes as a whole 
into a solid gel; in the cai>e of gelatin it is still doubtful whether the gel 
is homogeneous or heterogeneous. 

Precipitation is generally brought about by the addition of an electrolyte 
to the sol, and in tho case of suspeiisoid* sols it is claimed that fairly 
simple relations hold. Suspensoid sols are either electronegative or 
electropositive in character, that is, the particles wander either to the 
anode or Va^thodc on electrolysis. When an electrolyte is added to aii' 
electronegative sol, for example, tho positive ion of the electrolyte will 
he adsorbed by tho colloidal particles and tend to neutralise the negative 
charge on the latter; when the particles become electrically neutral, 
thet is, isoelectric, they coagulate and precipitation takes }>lace (cotnparr 
Hardy, Joitrn. of P/i j/.s/o/., 1899, 24 , 288). Since tiie charge on an ion 
depends on its valency, it follows that a cation of higher valency should 
have a greater precipitating ellect tlian one of lower valency. Sidmlzc' 
(Joam. prakt. Chcinie, 1882, 25 , 431 ; 1883, 27 , 320) found that the relative 
jirocipitating powers (precipitating power =1 rc'ciprocal of the eoncentva- 
tion in gram-nio?<,M‘ules per litre necessary to coagulate a givem solution 
of tho hydrosol) of the univalent, bivalent and tervalent metals, that is, 
of the cations, with respect to colloidal arsenic sulphide aio 111 tlie ratio 
1 • 30 : 1650. Prost (IhiU. Acad. Hoy. de 1irl(j<\ 1887, [3J, 14 , 312) and 
Linder and Picton (Trti-n.s. Chnn. Soc., 1895, 67 , 63) obtaiiic'd similar 
results, whilst Whetham {Hhd. Mag., 1899, [5], 48 , 474) gave an inter- 
pretation, based on the theory of probability, of Schulze’s valency rule. 
Later, Linder and Picton (Trans, ('hem. Soc., 1905, 87 , 1906) showed that 
for positive hydrosols (ferric hydroxide) tiie valency of the anion is the 
chief factor afl'cctiug the preeipiiation. ThOiSe results, for both positive 
and negative hydrosols, were generally confirmed by Freundlieli (Zciischi. 
physd'ul, ('hemic, 1910, 73 , 385), but the most recent woik has sliown that 
the so-called law of Scliulze is only a first approximation and should be 
considered only as a guide. For example, Oden, in experiments on 
negative colloidal sulphur (Ver kidlnide Schwefel, 1912, ]>. 156) found 
tliaf instead of univalent cations prw'ipitating at the same concentration, 
tlie recpiired concentration of lithium chloride is about 100 times that of 
caesium chloride. For diffcianit hivalent ions tlie precipitating powers 
range from 461 for barium to 13*2 for zinc, a lalio of over 30 1. instead 

of lieing the «ame. The univalent eae.siiun ion has a greater precipitating 
power than the bivalent zinc, cadmium and nickel ions, and about tin' same 
precipitating power as the hivalent copper, manganese and magnesiuni 
ions, etc. The s|)ccific nature of the adsorption in the ease of sulphur is 
thus demonstrated most clearly. With different colloids (platinum, silver, 
mastic, arsenic sulphide, ferric hydroxide, etc.), different orders^ of anions 
and cations with respect to their precipitating powers are obtained 
(compare Bancroft, Applied Colloid Chemistry. 1921, pp. 212 seq.), so that 
the results are not of such a simple nature as was first thought to be the 
case. 

The above short account of the behaviour of .suspensoids indicates the 
complicated nature of the phenomenon of precipitation or coagulation. 
Witli the protein emulsoids there is the further complication of their 


* Wo. Ostwald calls the iols with a solid disperse phase in a liquid medium “ Sus- 
pensoids,” and those with a liquid disperse phase in a liquid medium, “ Emulsoids." 
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amphoteric nature, so tliat their behaviour is likely to be more Icomplex 
than that o^ Ahe suspensoids. For example, the previous fistoiy of the 
emulsoids (ploVs an in|)ortant part; when albundii is precipitated by 
calcium chlorrde the coagulation is reversible if the calcium Ihloride is 
washed out ift once, but it is not reversible if the precipitate is allowed 
to stand. 

Gelatin is not so readily^precipitated as other proteins, ‘‘O tliat most 
of the* work on precipitation* has been done on sucli suhstaiices as albuyiin, 
egg-white, globulin, eU“. Hofmeister an^l his students were tlie first 
sv^'tematicaily to investigate tlie precijiitating action of salts on various 
proteins, including gelatin (Archn' /. rxpfnmnif. l*(rthoL urul VharmaLaf , 
1888, 24, 1, 247; 1888, 25, 1; 1890, 27, 395; 1891, 28, 210. etc.) and ll. 
suggestion of Virchow (Atehn' path. A nut, unit l^hyniol , 1854. 6, 872) ihaL 
ilie'^addecl salts render the protein insoluhle by extracting waU'r iiom 
them wjys again ]jul forward. I sing \anous sodiifm salts, Hofmeister 
found the following anion series tor the prenpitatiou of egg-white - 
’ Citrate > tartrate > sulphate > aeetau^ > chloride > nitrate *> iodide > 

* thiocyanate. 

Pauli however, in tlie case oi gidalin found tin' following order for sodium 
salts '{Pfluger^s Archir, 1898, 71, 333; linir. chrm. 190,2. 

2 , 1 ).- 

Sulphate > citrate > tartrate > acetate > chloride. 

Moreover, Pauli pointed out that with the tollowing salts* the ordm 
wlien arranged with lespect to tlieir powe) o1 precipitating gelatin is 
slightly dilfercut from that wlimi ai ranged with respect to their fa\out 
able action on gelaliiusatioi' 


rreciplfoiio'i^- 

NajS()4 > K.,S04 > Na citrate > MgCl, > Na tartrate > MgSO, > 
(NH.,) 2SO, > Na acetate > K(d > Na('l. 

(IvlnfiniSdfwn. 

Na.SO, > K,SO, > Nil ntrale > (NU.) > 

Na acetate. 

It was also pointisl out (liot tl.o mllu, ■!.<■(. of (.|(.(■l,,olytos on i.- 
loooipitatioi. ot solat.n Iron, its soint, oils is ' ’f y,„ 

inlluonco everted li.v tlinn n„ tin- s<.tunt: and ' « ' ’ ^ . 

example, salts wl.K'l. aio alil.e ,n pirsopiti, ...K 'I' ! , 

rase hinder golatinisalion (potassium olilonde and so Imiii ililmnh), .,i , 
111 the otluT ease iiceolerate it (sulphates, :ie(>taie, and (ili.itrs). 

pro<-,pit(,tion ot the oelat m ^'i Ij I'.;;,'udn;r’, 'th.': 'ndd;'lion"ol 

X r ‘"r';’"'" 

(nri'civ)itation) whereas p()ta^Munl bromide and ainmonium hioiiiide have 
no elfect It was also lound that the addition (4 the non-<vl<M.tn> v tos 
urea, sucrose, and dextrose, dimuiished the prcipitatino „„we, ot th. 

In these experiments the anion of the salts u.ed sc-eined io have tl.<; 

^ T ^ le ai«fin<rnish bptweon Toecipitaiion aud roagulation as 

♦Attempts have luion made pf^t,fniiiry »f thr J’rotnnf, grid, p. 107) 

follows (Brailsfnrd chemieaf interaction witli the added salt, 

•• Precipitation of a protein ^ nature of the solvent re8nltin^? from tlie 

SSLTaSroiValc'Ai: ^rtiit, howev«^t ^ouUful whether the phenemenoi, . 
sufficiently understood for such a distinction t*» be draw . 
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coagulating power of other salts when mixed with them, while others 
markedly decirase the coagulating power of salts which, in ■^h©ir absence, 
readily coagulate egg-^ilbumin. Moreover, certaifi salts, ^Ith^ugh very 
soluble, dd^ not in any concentration cause coagulation of egg-white. The 
possibility suggested itself that the coagulating action of * salts might 
depend on two antagonistic factors, respectively attributable to the cations 
and anions of the salts. In confirmation of this view it was found that the 
animoiiiiim ion, NH,‘, when combined with the sulphate ion, SO^", will 
coagulate' egg-albumin, although when combined w'ith the acetate ion it 
will not; acetate ion, how'ever, 'coagulates when combined with a sodium 
ion, Na*. Pursuing this line of reasoning and investigation, Pauli con- 
cluded that if the coagulating powders of a series of cations be indicated 
by f, f', f", . . . and the opposite (solvent) powers of a series of 
anions by h, h', h", . . . then in a mixture of electrolytes the following 
possibilitit'e exist: — • , 

. S f"- S (>>, h', h", ), 

the mixture bi'ing such as to coagulate, leave unaffected, or inhibit the , 
coagulation of the albumin. Pauli found that in egg-w'hite (in which the 
protein is electronegative) the cations ot added cl('(*trolytes are the active 
agents in inducing coagul.ation, while the anions inhibit coagulation. In 
tile following table of Pauli’s the cations are arranged in ascending order 
of prc'cipitating pow'or from the left to right, w^hile the anions are arranged 
vortienliy, khe weakest inhibitor coming first and the strongest last. A 
“-f” sign iTidicatc's that the salt which results from the union of the 
cation and anion causes coagulation of egg albumin, while a sign 

indicatc's that it ••does not. 


Cations. 


Aniona. ; 

i 

Mg. 

NH^ 

K 

Na 

Li 

Fluoride 


-4- 

+ 

+ 


Sulphate 

+ 

+ 

+ 

+ 

4- 

Phosphate 



+ 

+ 


Citrate 


+ 

+ 

+ 


Tartrate 


+ 

+ 

+ 


Acetate 

— 

— 

+ 

+ 


Chloride 

— 

— 

+ 


+ 

Nitrate . 

— 

— 


+ 

+ 

Chlorat-e 



— 

+ 


Bromide 

— 

— 

— 

— 


Iodide 


— 

— 



Thiocyanate 


■ 

■ 

■ 



It was, however, shown by Posternak (Annalvs da l'l7istitiit Fa^sieur, 1901, 
15 , 85) and later confirmed by Pauli {licit r. Cham. Physiol. Path., 1903, 
5 , 27) and Hoeber {ibid, 1904, 5 , 432) that the order of effectiveness 
of the different salts in bringing about the coagulation of elwtropositivc 
protein is exactly the reverse of their order in bringing about the coagula- 
tion of ele<'droiiegative protein, such as the albumin in egg-white* {co'injxvre 
Froundlich, Zeitschr. physiknl. Chemia, 1903, 44 , 129). Acidifying a 
solution of egg-white reverses the functions of the coagulating ions; those 
w'hich coagulated elcf;tronegative protein most strongly now inhibit its 
coagulation most strongly. The series is reversed in every respect; the 
anions now induce coagulation and the cations inhibit it. The anions 
precipitate in the order: — 

CNS > I > Br > NOs > Cl > acetate 
while the cations inhibit precipitation in the order: — 

Li > Na > K > NH4 > Mg. 
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The ahovo, aitnougn it aoes not deal Rpwifically with gelatin^ indicates 
how it gradually became recognised that the behaviour of protein, which 
IS amphoterfc in charj|cter, depends on whether it is acting as an atid or 
as a base. » *1 

Generally’ speaking, the results Avhich have b^ni obtained for proteins 
such as serun\ and egg albumin and haemoglobin can be applied to gelatin, 
since these proteins are stable at the isoelectric point, but imt luxe'i'^arily 
the .results obtained for globulin and casein, since these precipitate out 
when they are electrically neutral, A a cry large number ol papers has 
been published on the proteins, hut only gelatin will now be dealt with 
more specifically. 

It has been mentioned that the influence ol s;ilt‘j on the prk’eijiitat ir 
of proteins has been ascribed to the deb\dratiiig tdlect oi (ln'^e sails. 
According to Pauli's tlieor\ tlie loiis of jirotmiis :irc strongl.\ li.\dr.ited 
and therefore ionic protein l^ nuieli la^tter abb* to AMtlist.iiid di'li\ dialing 
influeiict's than ainpliotei ic ]>rotein. and conseipient l\ the ]ii e< ipitation 
of protein by al<-ohol should ('ithev be dimmi^ln'd or ipiite (hjin^ a\\a> Mith 
when the protein is ionised. SelnuT {linnhnn /jritsrhi.. 1911. 37 , 424) 
showed that the addition of hydr<K4ilori(“ aeid to gt4.iiin has a m.jrding 
effcH't on its prempitation by alcohol, hut Loeb (./. den. 1920. 3 , 

247) investigated the snbnrt iii greater detail. lie louml tlial v^lieii 
(Tclatiii IS treated wftli liycli (x liloru'. oxalu*, ])liospboi k‘, taitaiie, >,iieeinic. 
citric, acetic, inonochloroacetic, dicliloroai'ctic or InehlonKus'l u aenl. the 
follow’iiig results U(‘re obtained. In carrying out the tests, *9!) pir <eiil. 
alcohol was added to 10 cc. of a one |mm- lonl. solution ol gelatin in a 
ti.st tube of difinite diameter until eerlain bdU'i.s Ixsaine illegible \i ben 
looked at tbrougli the te.st tube tilled with the gelatin-alf-obol mixture, tlie 
temperature being 10". 10 ee. of isocleetiie gi'latin Hsiniied 2 ce. ol 

95 per cent, alcohol to bring about the test ojunaty. Wlnni tlie ])ll nas 
lowered to 4*55 bv tlu' addition ot the above ilcids, 5-5 <•<• ol ab nliol w('M' 
rotinired, wlicn-as with pH - 4-50, 25 cc. or more ol alcohol gav.‘ no pre- 
cipitation but only a slight turbidity. With a pH ol 4 >15 or less the 
gelatin solution remained (|Ui1e <4car, no matter how iiiiu b ab-oliol was 
added. With snlidiuric .leid, however, wdiicb gi\es a bivalent anion, the 
gelatin is readily inecipitated at all pH vabns. 

Similar results W'cre obtained with gelatinates (pH > 4-7) ot Hie alkali 
and alkaline eaitli metals. Lithium, .odium, potassium and ammoiiiuin 
cT(datiiiates (univalent cation) arc no longer pri'ciinlable when th<> pH o'O 
or more. The baniim and calcnim ge latinates (bivabnit eatioin are pie- 
cipitated by small quantities ot alcohol at an\ pU. 


When the liydrion <‘onccntrat.on oi a gedaii- liAd. (chloride solution 
becomes verv iiigb its solubility in an alcolu»i-w .I'-r mixture will again 
be diminished. This happens w lien the cipiivalcnt oi 50-4(.l cc. ol normal 
l,ydrochlori<- a.i.l is coi.tai.iotl h. 100 <r. nl a 2 pvr <o,„, solut.oa ol 
originally isoi lectnc gelatin. 

In a .mn'.ous jiaiH-r, Loel. (J. 7i,o/. ('hem.. 1910. 34 , 489) had , avast,- 
.rated the eficct of various salts, in addition to acid, and bas^s, „n t ic 
IirSitation of gelatin by alcohol, but no pH measuiemcnts wcr.. made. 

-rT * 7 , 7 CO iqi« 279 439- 1918, 34 , 142, 415) gives a 

*• .s™ 

tTpl - 

be considered further. i 4 , 

applies the results to the question of the structuii of (, 1. ■ 
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Very seems to have been done on the effect of temperature on the 
precipitation of gelatin,* but the following experiments from Wo. Ostwald’s 
Kleir»es Praktikum der KoUoidchemie may be quot^jd: — | ^ 

“ To 50 c4. of 0*5-1 per cent, gelatin solution is added sufficient saturated 
solution of ammonium sulphate just to give a slight cloudmhss at room 
temperature; a few drops of water are then added to clear the sol. Tho 
mixture is 'divided into three parts, one of which is maintained at room 
temperature, the others being kept respectively in a w^arm place aii^ in 
an ice chest. After 24 hours the solution kept warm is still clear, that 
at room tempi'rature is slightly Moudy, whilst the one which wa^-^ kept in 
the ice chi'st shows a very marked cloudiness.” 

According to Lumiere and Soyewetz {Bull. Hoc. Ohim., 1908, [IV], 3 , 
743) tho following organic compounds precipitate gelatin : — phenol, 
resorcinol, orcinol, hydroquinono, pyrocatechol, gallotannic acid, 
pyrogallol, 7 >-nitrophehol, chlorophenol, picric acid, monochlorehydro- 
tjuinone (adurol), R-acid (2-naphthol-3 : 6-disulphonic acid), G-acid 
(2-naphthok6 j8-disulphonic acid), S-acid (i : 8-ainiiionaphthol-*'l-snlphoiiic 
acid). Tannin (gallotannic acid) is the only substance which gives a 
piecipitate insoluble in water. 

Tlie 4dlects of tin* salts ol heavy metals ba\e been studied by Pauli and 
Flefkor (Jiiochem. /jcihehr., 1912, 41 , 461) and Kehoe ^-7, Lah^ (Jlin. Med., 
1920, 5 , 443), hut these will be dealt witli in a later section. Compare 
also. Levites, KolloUl ZciiM'hT., 1911, 8 , 4. 

The follow’irig quotation, which deals with gelatin as a precipitating 
agent itself, may bo given from Bancroft’s AppUed Colloid 
pp. 227, scq. , 

“ Since a colloid poptised by water may bo charged positively or 
negatively, there is no reason wdiy it should not precipitate another 
colloid unrler suitable conditions. We usually consider the colloids 
peptised by watm* solely as protecting colloids, but this is clearly an 
inado<iuate view, as is shown by the experimental data. Years ago 
Schulze {1*0(10. Atm., 1866, 129 , 369) pointinl ouf that small (iiiantitios 
of gelatin solution wi're as effective as lime or alum in causing a rapid 
sedimentation of clay and that addition of minute quantities of gelatin 
to barium sulphate simplified the question of filtration and washing vm-y 
much. He of course could give no adw^uate explanation of tho 
phenomenon; the real explanation was given by Billitzer {Zcifschr. 
idiijFiiked. Chcnni', 1905, 51 , 145) who called attention to the fact that 
while gelatin, agar-agar, etc. ordinarily check the precijiitation of 
colloidal .solutions by eh‘ctrolytes, small amounts of these substances have 
a prwipitating action. This can be d(‘tected even wdien tho gelatin 
produces no precipitation itself. Hillitzer cites the experiments of 
Ncisser and Friedeniaiin in which it was found that a mastic emulsion 
containing a trace of gelatin is precipitated more leadily hy sodium 
chloride than when no gelatin is present. Billitzer found that gelatin 
precipitates such negative colloids as antimony sulphide and arsenic 
sulphide in acid or neutral .solution, but does not precipitate povsitively 
charged .sols such as hydroim ferric oxides. t Gelatin in ammoniacal 
solution precipitates hydrous ferric oxide though no pn'cipitation occurs 
if ammonia is added to a mixture of gelatin and ferric oxidol Bismarck 
Brown, which is a positive colloid, is prec’ipitated by an alkaline gelatin 
solution, while eo.sin ks precipitated by an acidified gelatin solution. 

Graham {Trans. Chem. Hoc., 1862, 15 , 246) statas that colloidal silica is 
precipitated by gelatin, the compo.sition of the precipitate varying 
between 56 and 92 parts of gelatin per 100 of silicic acid.” 


* See the last section of this report for the effect of the ealtsof heavy metals, where some 
temperature effects are given. 

t This question has been studied more in detail hy Pauli and Flecker [Biochem, Zeittchr., 
19i‘2, 461) and will be referred to in the next section. 
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ACTIOiC|OF SAIjTS OF HEAVY METALS ON 4 elATIN. 
TANNING AND HAEDEN^^G 

As will bo seen later, the action of the salts of the iusn >, metals in 
hardening gelatin is prolAibl.v connected with the formatnm of the 
colloWal hydroxides of the metals by h\drt)1\sis. Uef<tre conM<lcniig the 
salte, therefore, it will be best to deal^w'ith the belnniour of sielatiu 
tow’urds the colloidal hydroxlde^ themselves. 

At the end of the ->0011011 on “ Preeipitation and (’oagulat ion " a 
(juotation W'as givmi Iroiii Bancroft's Volloul (Immsfii/ to tlio 

ell't'Ct that ‘‘ Billitzer {'/( ifachr. phiisikdi. ('he in., 1905, 51 , Mhl finds that 
gelatin ^ precipitates siu-h negative colloids as ai»timoii\ sulphide and 
arsenic sulphidi' in acid or neutral tsolution. but it does not lut-eipitate 
’])ositively charged sols, such as hydrous lerric oxide." 'I'he laV'f work ot 
Pauli and Flecker (Itinvlinn. Zviisrhi 1912, 41 , ^611, whulfl was <arritMl 
out with piirilicd ox-serum albumin (dialysoil against distilled water for 
8 wwks) and gelatin (dialyseil lor 30 da\s) has shown tints statt'ineiit must 
be modified. It was lound that with serum albumin punli<'d <ollo^dal 
ferric hydrojTido (oi» ( hromium hxdroxide) gi\cs a domain of optimum 
I rccipitatioii (1 ferric hydroxide . 3 albumin, by w<Mght). With ex<‘ess 
uf f(‘rri<‘ hydroxide there is no })r(M‘ipitation, while with increasing latio 
of albumin to tin b\droxid(i tliere is a less marked preeqiil ation corre 
sflonding with the lesser (onteiit ol Indioxide. 'I'lu' e(le<‘t of added salto, 
alkalis and acids, is sumiiiansetl in the following fable, *vher<* the various 
/ones have the. following siginfieations ; - 

Zone 1. - Optimum zone ol pn'cipifalion. 

Zone 11. - Inorganic colloid in excess, when comparml with the optimum 

zone. 

Zone III. -- Albumin in excess wlien (ompaii'd with the optimum zone. 

+ Strong jii'i'i ipitatioii, 

-f-).- - Weak pr('( ipitation. 

No jireeipitation. 


Normality. 

Zone 1. 

Z..r, 11. 

Zone III. 

•01 KCl 

+++ 

++4 

t4-u. 

•1 K('l 

+-H+ 

•i' 4 "h 

— . 

■001 HCl .. . 1 

1 


— 

• 0 :. HCl . 1 


1 H — 1 — h 

— 

•01 NaOH 

; +++ 


1 

•1 Uiea 


1 

++- i 


In the absence of albumin the i-olloidal feme hydi oxide used waM just 
precipitated by 0-125-N KOI or 0-0007-N NaOH (threebold values). 

It will be s('en from the above that prwipitation, which involves both 
the inorganic and organic colloid, depends on the relative proportions of 
the two colloids and also on the electrolytes wliieb are pres(*ut. 

Gelatin gave similar results to albumin, but there was the differemic 
that in all cases the gelatin was more eiensitive to acids, very weak eoii- 
centriitionB of hydrochloric acid being sufficient to jireveiit preciintafiou. 
An extract from thi* results is given in the following tables. 
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Gelatin and Colloidal Ferric Hydroxide. 

Threshold T^^lues for the precipitation of ferric hydroxide in the 
absentee of gelUtin : 0-0125.N KCl; 0‘007-N NaO^ / ' 


%Pe(OH)3 

% GeUtin. 

No addition. 

-j-O-Ol-N 

KCl 

d-O-OOl-N 

HCl 

d-O-Ol-N 

NaOH 

+0-1-N 

Urea 

0-331 

•060 


4-4-4- 


-f— 1 — h 


•331 

•062 

— 

4-4-1- 


4--1-4- 

— 

•331 

•083 

— 

4-h4- 

— 

4-f-t- 

— 

•331 

•125 

— 

4-4-H 

— 

-f-h-h 

— 

•331 

•166 

— 

4-4-4- 

— 

-h-f-H 

— 

•331 

•260 

-fH — 

-l-4-h 

— 

4-4-4- 

-f- 1 — 

•831 

•600 

+++ 

-h-f-h 

— 

-h4-4- 

4-f4- 

0*220 

•600 

•4-4-4- 

4-h-h 



4-f4- 

4--1-I- 

•132 

•500 

4-+4- 

1 -f-f4- 

1 

4-f-h 

b 

•094 

! -500 

4-++ 

1 4-1-4- 

— 

4-f-f 

4-4-4- 

•073 

» TXM) 

+4— 

, -hd— 

i 

-j_-i — 

-f4— 

•060 

. *600 

4-4— 

! 4-f- 


-h-H- 

4-h- 


The column headed “ No addition ” fthow^s ilie throe zones proviouslj 
moKtioned, namely Zone II., where there is no prccipital^ion and the 
ratio of Fe(OH )3 to gelatin is in excess of that in Zone I., where ther3 
is optimum precipitation ; as the ratio of gelatin to Fe(OH)j increases 
above that of the optimum zone, Zone III. is entered into, where the 
precipitation is much less. „ 

Such results may appear to he confusing at first siglit, but they ar*? 
explicable when the following is borne in mind. Ferric hydroxide is x 
positive colloid (wanders to the cathode), whilst gelatin purified bv 
dialysis will be on the al'.ialine side of the isoidcciric point and will 
therefore act as a negative colloid. Since colloids tend to precijiitati 
wl»en they are oloctrically neutral there will be certain mixtui‘(\s of ferric 
hydroxide and the gelatin where precipitation will rapidly take place owing 
to the approximate neutralisation of their resiiective charges; tins will 
correspond with Zone 1. When either colloid is in sufficient excess, the 
absorption complexes formed between tlie two colloids will be sufficientlv 
removed from the isoelectric point for the mixture either to be stable or 
to give only a slight precipitate. 

Th<^ explanation of the results obtained when electrolytes wore added, 
is also now obvious, although it was not so when Pauli and Flecker made 
their experiments. 

+ 0-01-N NaOH. — The addition of sodium hydroxide gives rise to the 
formation ol sodium gelatinate, so that there will be a much greater 
concentration of negatively charged gelatin anions than in the case of 
pure gelatin. The charge on the ferric hydroxide* will thei'ofore be 
neutralised, oven, when it is present in excess, and precipitation will 
take place in Zone II. as well as in Zone I. Zone III. will not be 
affected. 

4- 0-001-N HCl. — ^The addition of the hydrochloric acid will cause the 
gelatin to be on the acid side of the isoelectric point, so diat geiatin 
hydrochloride is formed, the gelatin ion being positive. There will thus 
be no neutralisation of the positive charge of the ferric hydroxide ami 
precipitation will not take place in any of the zones. 

+ 01 -N Urea. — Urea is a non-olectrolyto and will not affect the charge 
on the gelatin, so that the results will be the same as without the addition 
of urea. 

-f 0-01-N KCl. — The action of potiissium chloride is not so readily 
explicable, as it does not alter the pH of the gelatin. Since, however, 
when present in sufficient concentration it has a precipitating effect on 
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gelatin (see pre\^ious section) as well as on ferric hydroxide, it is possible 
that when added to the mixture of the two colloids tliii^ precipitating 
tendency is,S|ifficient to transfer the mixture from Zone II|to Zone j.. 

The resilltS| with colloidal chromium hydroxide are similar i^ character 
to those witji ferric hydroxide, but a little more complex. 


Gelatin and Colloidal Chromium Hydroxide. 

Threshold values for the precipitation of chromium hydroxide in the 
abseiFce of Gelatin; — 1-N KCl; 0-008-N NaOll. • 


o/c Cr(OH )3 

% CfeLatin. 

No addition. 

-fO-4 N 
KCl ! 

+0-001-N 
llCl • 

+0-01-N 

NaOH 

+()-l-N 

Uie;. 

o-or.r. 

O-OaO 


+++ 




•06(3 

•055 

— 

+++ 

• 

— 

— 

•066 • 

■071 

— 

+++ 

— 

— 

— 

•06(3 

•100 

— 

++-f 

— 


— 

• 0(3(3 

•IOC 


+++ 

— 

4- , 

— 

•06(3 

•25(1 


+++ 

— 

-t-l- 

— 

•06(3 

•.‘)0() 



+++ 

; 

±± 

— 


• ndU 

— 


! 

4-4- 

— 

•022 

•50(1 

— 

•+ 

1 

4-4- 

•- 

•OIG 

•.500 • 

— 

-4- 

— 

++- 

— 

•013 

•.500 

— 

1 

— 

++- 

— 

•on 

•500 

++- 


— 

+++. 

4 — 1 — 

•0011 

•.500 

+4-4- 

i 

— 


+4-4- 

•008 

■.500 

H — 1 — h 

1 

— 

-j-H — 

+++ 

•007 

•500 

•f+± 

— 

— 

_j — j — 

+ 4— 

•006 

•500 


1 

; 

*1 — 1 — 

++~ 


+ + = strong cloudinoss, hut no jnccipitalion. 
;+ =r weak c'loudiuuss, hut no jn-e^ipitatiou. 


The positive rliarge on chromiuin Indroxido is (‘videiiily gi eater tlian on 
ferric liydroxidi', since the optiiiiiini zcnic ot pre<*ipitalion is only obtained 
win'll the ratio ol gelatin lo chromium Indroxidc is nmch greater tlian 
with lerric hydroxide. It tins is taken into :ic<‘ount it will h(' .semi that 
the results with added ^'^alts are all explicahl*’' in tin' same way as arc 
those with ferric hydroxide. 

Pauli and Fh'cker also investigated the pri'cipilatioii of proteins hy 
salts of the heavy metals, e.c}., by ferric chloride. This phenomenon give.s 
ri.se to what are oftcni kinnvii a.s “ irregular senes.” If the protein is 
mixed with the salt in low coneeiitration a precipitate is formed (Zone A). 
With higher eoncciitration.s ot tin' isalt the mixture remains clear over a 
certain zone, with re-tormation of a precipitate '^Zone 11) when the con- 
centration of the salt reaches still higher values whieli may l>e sevora! 
times normal. 

The precipitation in Zone A is explicable .>n the as.sumption that the 
salt undergoes hydrolysis with the forni.ation of <-olloidal metal li\droxid('. 
Fe(OH )3 if the salt it, FeCl,, which then gives a precipitate with the 
protein, in the way dealt uitli above. Evidence in support of this is the 
fact that if the precipitate is dialysed, chloride ions are found in Lh«' 
external liquid, but no ferric ions (using Fe(ll,h 

SoKitimi ifi the middh* zone is duo (according to Pauli and Flecker) to 
the formation of complexes between the jiroti'in and the salt, wdiich 
complexes are dissociated and therefore hydrated and solubk'. With 
(.xcess of salt the dissociation of the.se conifilexes is supriressed; they are 
therefore dehydrated and tirecipitateu (Zone B). EvidiiiKx* in sufiiiort 
of the formation of such complexes was obtained hy the viscosity nioasure- 
ments, precipitation with ak’ohol. conductivity, and electrophoresis 
(albumin wms used and not gelatin). 

An alternative explanation of the middle zone and of zone B may, 
however, be given. Wl eii tlie salt undergoes hydrolysis, acid is fornisd 
as well as the colloidal hydroxide, and in medium concentration. s of the 
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salt there will be sufficient acid liberated to transform the protein to the 
acnd side^of the isoelectric point; that is, the protein and the colloidal 
meti^l hydroxWe will both be positively charged and prec|pitation will 
not take place. This acid will also affect the swelli ig of the^prbtein, etc., 
so that the viscosity and other properties of the solutions will be affected, 
ns found by Pauli and Flecker. With more concentrated solutions of the 
salt the Xvdrolysis is not so marked* (hydrolysis increases with the 
dilution) and precipitation effects may again 'come into play, either as 
in Z«ne A, or by the excess of salt decreasing the dissociation of the metal 
proteinate formed. # 

Gelatin differs from albumin in that it is much more sensitive towards 
acids, which oven in small concentrations exert a marked protective action 
against precipitation. The tables already given show that very low con- 
centrations of acid (0-001-N) prevent the precipitation with metal 
hydroxide, whereas with albumin precipitation is not prevented; e.f/., 
0-220 per cent. Fe(OH )2 4- M74 per cent, albumin gives a precipitate in 
the presence of 0-001-N HCl. This differeiici* is ol imiiortnnce in connee-- 
tion with the known different behaviour of gelatin and albumin towards 
the salts of heavy metals. 

llefereiice has already lucn made to the hydrolysis of salts of heavy 
inefjih, and to the effect of dilution on the hydrolysis. The increased 
hydrolysis on dilution may readily he shown by the f:-)lIowinh exp(Timents 
of Liippo-Ch’amer ( Kail oidch emir \in<l Plioioijrapluf, 1st Edit., p. 124). A 
solution of ferric chloride is diluted in the one enfle with water and in the 
other case with a 1 per cent, solution of gelatin. The latter Holution 
will give the same dark colour as the aqueous solution docs on hoiliifg, 
showing th(‘ increased hydrolysis (hydrolysis increases with rise in tem- 
perature). Strictly speaking, however, this is not merely the effect of 
dilution. The colloidal ferric oxide is adsorbed by the gidntin, lorming a 
coiniilex ol some kind, awd thus the e<iiiihhrnini represent(‘d by the 
eipiatioii, 

FeGl, + 3H,() ^ Fe(OH), -I- 3HC1, 

is disturbed and more hydrolysis takes place; tln-re is therefore the double 
effe<'t of the dilution and of the influeiiee of gelatin. 

The increased hydrolysis due to the gelatin is shown still Ix'tter by 
means of feme thiocyanate. 11 the hlood-red solution nnuh' by mixing 
equal volumes of 10 per cent, solutions of iron alum and ammonium 
thiocyanate is addecl drop by drop to a 10 per emit, solution of gi'latin, 
coagulation takes place with the formation of nihy-red membranes. After 
a few minutes the colour disappears, giving place to that of rusty brown 
ferric hydroxide. 

Solutions of ferric, chromic, and aluminium salts will always be acid, 
owing to the hydrolysis, and thin is the explanation of why Lumiere and 
Seyewetz (Ihdl. Soc. Clum.^ 1902 [iii], 27 , 1073) wVre not able to alter 
the acidity of a solution of potassium chrome alum after five reerystallisa- 
tions, a result at which they appear to be very surprised. Also the state- 
ment of Namias {Vhoi. Korr., 1902, 39 , 446) that chromium chloride, 
CrClj,, has no tendency to give the hydroxide in solution cannot be correct. 

Experiments on the hardening of gelatin liy chromiuijti, iron and 
aluminium salts were made in the first case by Namias (loc. eit.j and 
A. and L. Lumiere and Seyewetz (Bull. S(^r. Chvrti., 1902, [iii], 27 , 1073; 
1903, [iii], 29 , 1077; 1906, [iii], 35 , 676). If a suitable amount of chrome 
alum is added to a gelatin sol, or if sheets of gelatin are soaked long 
enough in a chrome alum solution, the gelatin be<;omes insoluble even in 
boiling water and does not putrefy on standing, as the original gelatin 


* Goodwin (Zeitschr. phy$ikal. Chemie, 1896, 21 , 11 found that there ift practically 
no hydrolyiis, at 26°, with ferric chloride solutions of concentrations greater than 0’6 
molar. 
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would do. Lumike and SWyewetz found • first that gelatin could 
be rendered insoluble by treatment with almost any salt oP tb^lornuila 
Cr.X^ : sulfjh^te, sulphite, nitrate, chloride, fluoride, acetlite, t ornate, 
citrate or lact>ite. Siimc it had been shown by N%raias (Commrf, also, 
Stolze, Eder & Jahrb., 1880, 330) that the power of chrome alum to make 
gelatin insoluble was increased by the addition of alkali up to a point 
where precipitation of chromium hydroxide occurred, experiments wert' 
made with the so-called grenm basic sulphate of Uecoura.* Gelatin treated 
with i? solution of this salt resisted repeatc^i washing with boiling wtUer 
better than gelatin which had been treated with a sohiiioii that was not 
basic. On the other hand, gelatin is not made insoluble In ireatnu'nt with 
the so-called solution of chromium hydroxide in pt^tassiuiii hydroxide + 
If the proper amount of aininonia is adde<^l to the gelatin and then a 
chrome alum solution, the gelatin becomes insolnhlo in boiling water, hut 
this is not the case if ammonia is present in excess. AVorking wUh 2-G, 
T) and 10 per cent, soluiioiis ol gelatin, it was fouiiil that two grams oi 
4 -liroirie alum is the niinimiiin quantity which can 1h' added to 100 grams 
of gelatin to give a precipitate resistant to boiling water. W’li*‘n*a gelatin 
• solution is 5 per cent, or less in strength it does not hwaune insoluble 
immediately, but only after ki'epnig lor some time. The time of keeping 
IS all the longer the less the concentration of the gelatin, and appeals to 
he about 50 Iv^urs for 2-5 per cent, gelatin. • 

The maximum amount of chrome alum that can lx? ahMnlxMl by 100 
grams of gelatin is almuL 21 grams, independeni oi the conciyit ration ot 
the gelatin solution. Kxccs,' of chrome alum ahov<^ this ipiantitv k gueii 
up*by the solid gel to cold water. 

Experiments with cliromic sulphate, rhionde. nitrate, and acetat** 
sliowed that approximately the same tjuantity of cliromium hydroxide 
was neeessary to make tlie gelatin insoluble, irres]>e( tive of the natine of 
the acid. Since this implies that only chromium liydroxide ••oiinls. I'xpi'i t- 
iiients were made to sih' v\ li.it Ixm uino ot tlie a( id radick'. Slmi'ts ol 
gidatin were immersed in a cliromium sulpliate .solution id known strength 
and the solution analy.s<'d aterwards. The ratio of chromium to Milphat'- 
in the solution w'as practically the .same before and after tnsitmeni wiili 
tho gelatin, wdiich meant apparently that tlie chromium sulphate was 
taken up as a wdiole. ft (miild not ho tho ehrotiiium su!}>liat(‘ as .sueh 
which made the gelatin in.soluhle, hi'cause the same rtssuit umld he 
obtained when tho chroiiio alum was added to an umnioniaca) gekilin 
When the gcdatiii eoritaining chromium .sulphat<‘ was washed ri'peatiMiU 
with boiling water, acid was extracted \eiy .slowly, hut atGo* sonu' 
washitigiS tho gelatin swelled a little and was carried oil in the w.isli 
water, leaving tln> residue relatively neher in ehromuim, tlie ehrominm 
oxide content running up to 5'4-4-6 graiiLs per ijO guis. gelatin. \Mn-n 
tho gelatin was treated with dilute alkali, it w-\s jm-sibh^ to nmmve tin 
acid without causing aii> swelling or any solution ol the gelatin. When 
the gelatin was treated in this way the maximum amounl ol ^hnmimm 
found in it was 3'3-3'5 gins. Cr„0^ per 100 grams gelatin. 

Since iho same ri'isult is ohiained w’^iili all iho (lilfereni salt'' it 
obvious that it is the chiomium liydroxid(>, formed by hydiolysis, whicli 
niakos the gelatin insohiblc {vomparr the experiinonis ot Pauli ami 
Flecker) ; ’the acid of the salt is adsorlx'd strongly either by the chromic 
oxide, the gelatin, or both, most probably by tho gelatin hecaias.. oi it^ 
iimpboterie nature. Wlien tlie arid is washed out at high tempmatures, 
it causes a .swelling of tlie gelatin, fn lact, an insoluble gelatin, which 
has been freed from acid, .swells rapiilly and linally dissohe.-, il diluted 
with water containing small quantities of a< id or alkali. 


* This is really a siilphiite of a complex radicle couUimiuj' 

has the composition [ClCr (fio(>)j]S 04 . 

t This is probably due to th'' excess of alkali, which not only 
gelatin but also peptises the chromium hydroxide. 


chromium and chlorui'- and 
has a swelling effec*^ on the 
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For fjjrther experiments on the action of chromium salts, see Burton 
and other's, Soc. Leather Trades’ Chemists; 1920, 4. 205; 1921, 5. IbS, 
187f 192;’ 192fi, 6 , 6, 14. , 

Both N0,mias (loc. %it.) and Lumiere and Seyewetz {loe. cit.) showed 
that aluminium salts harden gelatin, but not so readily ^as chromium 
salts, and the latter investigators, by similar experiments to those 
described for the chromium salts, proved that the effect was due to the 
aluminium hydroxide (formed by hydrolysis). When aluminium hydroxide 
is freshly precipitated in gelatin by mixing equivalent quantitfes of 
ammonia and the aluminium ^alt, Lumiere and Seyewetz state that tlie 
setting point of tlie gelatin rises proportionately to the quantity of 
aluminium salt used until the equivalent of 0*64 gm. of alumina 
( E 6 gms. of potassium alum) per 100 gms. of gelatin has been added. 
Further additions have at first no effect on the setting temperature, but 
finally cause it to fall. The maximum rise in the setting |)oint is about 
S-S® for 5 per cent, gelatin, 6® for 7*5 per cent, and 7° for 12 per cent., 
but the qpantity of alum per 100 grams gelatin re<juired to produce this*- 
maximum rhc is the same in all cases, that is, it is independent of the 
concentration of the gelatin solution. 

Abegg and von Schroeder (Kollotd Zeitschr., 1907, 2, 85) state that the 
melting point of a 10 per c^ent. gelatin is lowered from 36® to 34® and 32®, 
without visible tanning, by 10 per cent, solutions of potassiiim and chrome 
alum respectively; if the gelatin i.s first bathed in a solution of iS0<lium 
carbonate bf'fore being put into the alum solutions, tanning takes place 
but the melting point is still lower than that of the original gelatin. 
Ferric alum, either with or without the sotla bath, gives a hard brittle 
gelatin, m.p. 40®,-38®. 

Statements of this kind are hard to undeistaiid at first, until it is 
remembered that superposed on the tanning ai'tion, which gives a rise 
in the melting point, there is the ordinary salt effect, which lowers the 
melting point. For example, if the melting iioiiit of untanned gelatin 
is low('red from 36® to 33® in a given solution of sodium chloride, the 
melting point of tanned golatin is lowered from 41® to 38®. Again, when 
gelatin is tanned with a salt and then washed, the melting point of the 
gelatin first rises, as the excess of salt and acid products of hyrolysis 
are washed out, and then falls as washing removes the tan. This is 
shown by the following results of Aliegg and von Sehroeder. The melting 
[loint of the un tanned gelatin was 36®. 

After tanniug with : To a m.p. of j “‘-P- “f*,''? i ’>’-P- '““8 

^ ' washing. washing. 

10% potassium alum 42 '^ j 30" 

U»% chromium alum i 32'^' j 37^' I ,30'^^ 

Iron Ammou. Alum -IS*-' ; 43*^ , 41'’ (1 hour) 


Abegg and Sehroeder found that the vis<‘osity of a dilute solution of 
gelatin (1-2 per cent.) is increased by the addition of potassium or 
chromium alum to an extent approximately equal to that which the 
same quantity of water experiences by the addition of these salts. Bogue 
(.7. Chein. Met. Eng., 1920, 23, 5) found that the potassium alums of 
chromium, iron, and aluminium all increase the viscosity of gelatin, the 
chromium alum being the most effective. 

Liippo-Cramer (Kolloidchemie und Photoghraphie, 1st Edit., pp. 121- 
152; Kolloid Zeitschr., 1909, 4, 21) has carried out numerous experiments 
on the tanning of gelatin by salts, and also comes to the conclusion that 
the effect is due to the hydroxides formed by hydrolysis. That the higher 
hydroxides of many metals have the faculty of tanning, whilst the lower 



hydroxides of the same metals produce no such effects, is ^ue tf the fact 
that salts correspondiiiji with the higher hydroxides are'Jiorjf generally 
hydrolysed, Vnd the hydroxides are very stable in the hyarosol fof*ii. 

Some of UUppo-Cramer’s experiments may be referred to at little more 
in detail;— ‘In order to avoid disturbing eoagnlatioii etfects. plates coated 
with gelatin are used instead ot gelatin solutions. If tlio gelatin-coated 
plates are bathed in a two per cent solution of lernc chloride oi‘ of iron 
alum for 5 minutes, and tiien washed in distilled water tor 30-40 minutes, 
the lirownish-yellow colour of the gelatin, due to the adsorlx'd irod salt, 
does not disappear, and after drying tlie gelatin is quite insoluble in 
boiling water. If, however, afti'r treatment with the iron salt the plates 
are bathed for 10 ininntes in a 10 per cent, soluliiai ot ammonia, sod’nm 
hydroxide or potassnim hydroxide, the colour oi the film b»>eoines markedly 
darker and, alter washing, all tracer ol tanning have disappeared. It 
follows from this that insoluble ferric hydroxide, Jornu'd in tlu' gelatin 
film b/ excess of alkali, does not give rise to tanning. 

• The different treatment also gives rise to a dillereiii heliavnjur towards 
oxalates and citrates. If the two plates, after being freshly inaib' and 
washed for 30 min>., are bathed tor 5-10 minutes m a 10 per cent, solution 
of potassium oxalate or of potas.sniin citrate', tlm one trt'ated with alkali 
remains uiiclianged, whilst the other becomes t-olonriess in a lew nii nates, 
and after washing i’or hall a hour l^ completelx tree Irom non. /nieix' 
IS, lumever, a time* etfeet in this t oniieclion ; witli jilates bathed for fivi* 
minutes in 2 per cent, ferrk* elilorule solution, th** longer^ tin* w ashing 
with water before treatim'Jit with oxalate or <‘itral<‘ solution, the less 
.cpinble do the iron salts become. At the same lime it i> iiotieeil that 1 lio 
colour of the gelatin film he^coines darker as the washyig prcneexls. The 
tanning of the gc'latni is not aflected by ilie long washing. 

Tf to 100 cc. of a 10 per cent, gelatin solution at 50", 1-2 vv. of a 10 per 
cent, solution ot lernc chloride or of iron ;flum arc added, coagulation 
takes place at the places of contact and it is nnpossihle lo obtain a homo- 
geneous mixturi’. 11, how’Cver, a large excess ot iron sail is iisi'd in 
concentrated solution th< ic is no coagulation or tanning. Thus 50 cc. of 
the 10 per cent, lernc chloride or iron alum solution can be mixed at 50° 
with 50 cc. of a 10 per cent, .solution of gelatin without coagulation 
occ-nrniig. A dark brown solution is obtained, winch, alter .st'tting and 
keeping for several days, will rnell unclniiigfHl at 40°. This is only an 
examiilc of the “ irrt'gular senes ” relerred to under Pauli and Flecker’n 
work. 

Similar results to the aliove were obtained with <‘hroine alum and 
ordinary alum. (Ihrome alum difiers Iron, the iron and alnniiiiiuin com- 
pounds, however, in th.it a niixtuie of a 10 pei u'ld solution with an 
e(|ual or doiibli* volnni<‘ ol 10 per cent gelatin •loe'. not melt again nlt<*r 
setting. Also after tanning with elironu' alinn tlir |iroduet is much more 
re.sistant towards oxalates and citrates than after t.'inning with the other 
alums. 

Jmppo-Cranier also desenhof^ experiments in wlimh tanning w^as obtained 
with salts of nraniiini and gold and cerium, and with potassium perman- 
g.anatt', owing to the iorniation ot colloidal hydroxides. Results obtained 
with such substances as potassium ferrioxalate, potassium Icrro- and ferri- 
cvailidf*, ccfppor chloride and sulphate, silver nitrate, mercuric chloride, 
lead nitrate, harinm chloride, potassium hydroxide and ammonia, wIhto 
tanning, if it takes place at all, is only of very subsidiary importance, 
are also described. 

When the hydroxides of silver, merenry, copper, iiukel, (obalt, or 
ferroii.s iron are produced in gelatin in HU<h a way that there is no excess 
of alkali hydroxide, p.g., sodium hydroxide, hut rather a .slight excess of 
the heavy metal *^alt present, taiuiiug occurs to a greater or lesser extent. 
The so-called silver peroxide, from a silver salt and potassium or ammonium 
persulphate, also tar- gelatin, whilst lead oxide or hydroxide ha? no 
effect. 
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Colloidtj^ silver iodide and bromide are able to coagulate gelatin. If 
10 cc. of 10 per cent, silver nitrate are added to 50 cc. of a ip per cent, 
solutil^n of gela^cin (temperature not above 50®), am^ then 10 cc. ,of 10 per 
cent, potassfium iodide lolution added, the gelatin^ coagulated completely 
to a gel, which can be melted on raising the temperature.' The same 
phenomena occurs when colloidal silver bromide is formed in the gelatin, 
but the temperature must not rise above 40®. ^The colloidal sulphides of 
silver, mercury, lead, copper, gold, tin, iron, nickel, cobalt, zinc and 
cadmitim cause either coagulation or complete tanning of the gelatin. 

Kehoe (J. TmI). Clin. Med., l520. 5, 443) describes experiments which 
would indicate that the coagulation of gelatin is not an irreversible 
reaction, but may be* reversed through the action of alkalis or of the 
neutral salts of the alkali or alkaline earth metals. 

Lumiere and Seyewetz (Jiidl. Soe. Chim., 1908, [ivj, 3, 743) added 
to a 10 per cent, solution cd' gelatin a(iuoous solutions of salts 'chosen 
from carbonates, chlorides, bromides, i(Mlides, sulphates, sulphites, 
thiosulphates,^ nitrates, nitrites, hypochlorites, chlorates, bromatos, 
iodates, cyanides, thiocyanates, phosphates, borates, arsenates, arsenites, 
silicates, chromates, molybdates, tungstates, vanadates, ferro-and ferri- 
evanidos. As far as possible 5 per cent, salt solutions were used. The 
gelat’ii was prc'cipitatod only by solutions of the folloYniig : pbos- 
pboiungstic acid ; a mixture of pbospliomolybdic acid and ammonium 
molybdate; a mixture of pliosphotungstic acid and sodium tungstate; 
chlorine watt--, bromine water, ferric salts (except tartrates, citrates and 
certain double salts), manganic, vanadic, ceric and uranic salts, cliloroaiiric 
acid, chloroplatinic acid, niorcnric salts and potassium permanganaU\ 
It is shown that tko insoluble gelatin retains some of the salts, and from 
the above list the conclusion is drawn that tin- salts which precipitate 
gelatin in dilute solution are those which are capable of funusliing 
oxygen either dircH'tly or indirectly. Lumiere and Seyewetz realise that 
the converse, that all salts capable of furnishing oxygen will precipitate 
gelatin is not true. In making sueh a statement as this they wTre 
probably led astray by the inclusion of chlorine and bromine ivatcr in the 
list, and did not realise that in most of the cases, at all events, the effect 
on the gelatin was due to the hydrolytic products of the salts. In a 
later part of the paper they do admit. li()w(‘ver, that the rendering 
iiiaoliiblo of the gelatin is not solely an oxidation phenomonon, since llie 
gelatin fixes a certain amount of the oxid(' (hydroxide) of the sail., 
“ probably in tlie colloidal form as shown by Lnppo-Cramer.” 

In a later paper Meunier and Seyewetz (lluU. Soc. Chim., 1912, [iv], 11, 
344) show that sodium hypochlorite and liypobromite act similarly to 
chlorine and bromine \vat('r respectively in hardening gelatin, the action 
probalily consisting in the formation of halogenat(Hl aminogroups in the 
protein molecule. {Comimre J^evaii and Briggs, J. Soc. ('hem Ind 1908 
27, 260). 

Action of Softs of Chromic Acid on Cclatin. 

It has been stated that solid chromium trioxide, CrO^, w4ien preserved 
free from dii.st and iu an evacuated, scaled tube, is stable towards light, 
although Lemoine {Co7nptcs Itcndus, 1881, 93, 514; Fhot. Mitf., 18, 244) 
maintains that after exposure to light for one and a half .years it is 
decomposed wdth the evolution of oxygen. All chromates and dichromates, 
in pure aqueous solution, are stable to light (Plotnikow, Zeitsclir. wiss. 
rhot., 1919, 19, 40; Matthews and Dewey, J. Phys. Chem., 1913, 17, 217); 
if, liowevor, organic substantMJs are present tlie action of light imme- 
diately causes a decomposition of the chromic acid salt, with the pro- 
duction, in many cases, of a brown, insoluble powder, and accompanied by 
the evolution of oxygen. The reactions which take place are probably 
very complicated; according to the composition of the organic substance 
used the chromates and dichromates may give coloured solutions containing 
tervalent chromium salts, but in most cases a dark brown precipitate 
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Smce the reactions which take place with ersanic compouiulB of com- 
paraUvcly simple composition arc so little uii.lcrstooil (r„„ pore Col iw” 
/.nUchr. physM. Vhcuuc. 1901 «, 1; 1906 , 4^95;' 

Luther and Forhoa. J. Amn. Chem. .S'or., 1909, 31, 770). it is no wonder 
that the reactions which take place with such a complicated substance as 
pelatin are by no means clear, althouRh the property 'of sclalin, coulaion.p 
dichromato, of ^oininK insolnblo on exposure U. lipht, was discorered by 
I'OX Talbot as far back as 1853. According to Kdcr {Phut. Kurr 1878' 
HimMiul, d Ihotini., 1906, [1|, 2, 177; coiupard also Nanii.is f/,,./’ 
,Aorr., 1902, 39, 446; Invite, KoUoid Znh,-hr.. 1911, 9, 1) polassium 
(licliromate is redurod according to tho equations 


K/'r .0, - K/VO^ + CrO.. + (). 

K,Cr{)^ + 11 .0 CrO. -f 2K()H f (>, 
a jellowKsh hi;o\vu cliroiniuni dioxido Inning tln> ( oin])osition Cr,0 . (J() 

( r: 3CrO^), that is, ft cliromu' (‘liromato, hoing produciMl. Tins coniyouml 
is very unstable and gradually losi's oxxgen with the formation of grren 
chromic! oxide, Cr„0^, [or the hydrated oxide, (V(OIl)J. * 


•Luniiero and Se^ewetz (Hull. Hoc. ('hiiii., 1905 [ml, 33, 1032, 1040, 
1906 [ill], 35, 14) have put forward the following oiiuainms . — 


K,Cr,(). - Cr.O, + K.i) + 30 (1) 

K/lr/). -I 2KOH - 2K,CrO, + H.O (2) 

2K.CiO^ - Cr/), + 2KX) + 30 (3) 

K,Cr,0^ + Cr„0. - (50,. (bM), + K.CrO, (4) 


Tiiey further state that it lias been shown that tho composition of the 
gelatin does not alter after the hardening and therofon* tin' oxygen is 
not ahsorhed, but probably liberated. It is difficult, however, to sco why 
gelatin should iK'havo diffeiently from other organic compounds in this 
respect. 

The' equations given above earinot b(‘ jiroved exporimontu!!> . In all 
tho laborious experiments carried out by Lumiere and Soyewetz ami 
others it has never been shown that tho eonipound (VO„ is formocl, hut 
only that under the action of light the dichromaie is affected in such a 
way that all the chromic acid cannot ho oxtraAiecl from tho golaiin by 
treatment with waler or wdth ammonia soluiitni. From analogy wdtb 
other reactions whore organic substances aro involved, this would indicak* 
that the dichroniate is reduced more or loss completely to a stage of 
oxidation lower than that wdicre the chromium is soxavaient, possibly to 
tervalent chromium; it may then bo assumed, and it is only an assumption, 
that the tervalent chromium salt forms a chromium chromate with tho 
dichromate or chromate left unaltered. Tho hardening of the gelatin may 
be due to oxidation, and possibly, in part, to the liberation ol chromium 
hydroxide by hydrolysis of the chromium ehrmnnte, if this latter com- 
pound is assumed to behave like other chromic salts. 


Independent of any theory of tho proccs.s. Iminiere and Soyewetz 
obtained the following results: — 

(1) The longer the exposure to light, tho less soluble chromate can be 

extracted 

(2) At least a O'l per cent, solution of potassium dichromate is 

nec'essary to render gelatin insoluble in boiling water. 
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The quantities of chromium, calculated as fixed by 100 grams of 

gelatin ffter Qsxposure to light for the minimum time necessary to make 
the i^elatS infoluble were : — f • 

J 0*1 per ce«t. dichromate 0*39 l^m. 

0*5 „ „ 0-87 „ „ . 

1*0 „ ,, 1*08 „ „ 

(3) The quantity of chromium which is • retained by gelatin made 

^ insoluble with potassium dichromate and exposure to light is 

about three times as ^great as when a chromic salt is used. 

(4) The action of light on gelatin impregnated with ammonium 

dichromate, gives rise, in a given time, to a larger quantity of 
insoluble chromium compound than when potassium dichromate 
is used. After 10 hours there is more insoluble chromium 
compound formed with the ammonium salt than in 7 weeks 
with tho potassium salt. ** 

With ch|;omic acid and the dicliromates or chromates of ammonium, 
potassium, eedium, lithium, copper, zinc, barium, lead, aluminium or 
iron, using solutions containing an amount of chromium corresponding * 
with that in a 3 per cent, solution of potassium diohromatc, the amounts 
of chromium fixivl in the gelatin arc approximately the same. Also, a 
nur/iber of the gelatins made insoluble enclose oxidew.of the \>ther metals, 
and il is noticeable that in the case of the iron salt the gelatin retains 
very little Or.,0^ and much Fe^O, after extraction with ammonia solution. 

In the case of other salts of the heavy metals, some of the oxide is retained 
by the gelatin. • 

(5) Dichromated gelatin which, after keeping 1-4^ months in the 

dark, has become insoluble, contains smaller (juantities of 
insoluble chromium compounds than d(Xis the same gelatin when 
exposed to the light, and is also less resistant to boiling water. 

If it is made insoluble by ke<*ping at 120° in the dark for 
1-6 days, it is quite intsoluble in boiling water, but is broken 
up by it into small fragments. 

Namias (iViof. TCorr., 1902, 39 , 446) states that gelatin hardened with 
diehromate can be washed colourless in 24 hours, whereas that hardened 
with chromium .sulphate remains green; the colourless gelatin in the 
former case still contains detectable quantities of chromium. This does 
not agree w’ith Lumiere and Seyewetz’s statements given above. Abogg 
and von Schroeder {Kolloid ZeAtschr., 1907, 2 , 85) state that suoc<*ssive 
treatment in baths of potassium dichromate and sodium thiosulphate, and 
also in solutions of tannin or picric acid, tan gelatin with lowering of 
the melting point. 

According to Gamble (/. Soc. Chem. Jmd., 1910, 29 , 65) ol -gelatin yields 
a maximum amount of insoluble matter when expo.sed to light in con- 
junction with an alkali dichromate. The yield of insoluble matter with 
^-gelatin is less, whilst the gelatin peptone does not give an insoluble 
product. 

Hans Moyer (Zeitschr. physikal Chemie, 1909, 66 , 33) has measured the 
electrical conductivity of dichromated gelatin in tho dark and in the 
light, and found that the conductivity decreases considerably on e'spdsure 
to light, but his experiments do not lead to any conclusions as to the 
mechanism of the proc:ess. 

In the account of Liippo-Craraer’s work given in tho earlier part of 
this section the effect of oxalales and citrates was mentioned Namias 
(Eder’s Jahrhvch, 1904, 142; 1906, 125) found that the addition of oxalates 
and citrates to dichromated gelatin films rendered them stable for a long 
time, whereas they would otherwise harden spontaneously after keeping 
for a short time in the dark. This has been confirmed by other workers 
(Edcr, Hanneke, Harris, Konig). 
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WilKinson {rnoi. oour., 1911, 61, 387) has investigated the various 
reticulations of gelatin obtained by the use of sodium, |otasi4um and 
ammonium tjVromates and dichromates, and ol mixtures ^f t/ese salts. 
Compare also^Shepparci and Elliott (J. Ind. Emj. (^hem., 1918, UO, 724). 

Hardening Action of Organic Compounds on Gelntin. 

It has long been known Ihat during the devolopineiit of a photographic 
plate *har deni ng of the film may cx^cur. Haddon and Grundy {Hrit. Jour. 
Phot., 1896, 43 , 356) found that pyrogalld solution had no tanning effect 
on gelatin, but that when the solution became bl own through oxidation 
it exerted strong tanning action and the gelatin b(^‘anie insoluble in hot 
water. Observations on other photographic developers were aKo nnuie. 
Liippo-Cramer, using the developer adurol, found that when the quantity 
of sulphite in the solution was very small the developed plato showed 
considciliblo relief owing to the tanning of the gelatii^ which was esiiecinlly 
^marked in the high lights. The tanning was a^ciiihed to the oxidation 
products of the adurol. , 

* Apparently in ignorance of the above-mentioned results. Jjuiniere and 
Seyewetz {liull. Soc. Clnm.. 1906, [iiil, 35 , 377. 600, 1907, jiv], 1 , 428; 
1908, fiv], 3, 743) carried out a nuniher of experiments on similar lines. 
In their first^aper the developers tested were: — pyrogallol, hydroiinnifine, 
pyrocatcchol, p-aminophenol, diaminophcnol hydriKbloride, diamiiioresor- 
cinol hydrocdiloride, metol-qninol, adurol, p-phenylenediamine. eikonogeii, 
metol and glycim*. They «ere used 0) in 1 per cent, solulioius, (2) in 
1 ^per cent, solution 4- 3 per cent, sodium carboiiat<‘, (3) in 1 per cent, 
solution 4- 3 per cent, sodium carbonate 4- 3 per cent.^ sodium sulphite. 
Strips of gelatin were immersed in these solutions (a) in sealed llasks, 
(h) exposed to the air. 

The results show that gelatin only becomes insoluble (alter 1-6 days) 
when the developers are in the presence of alkali and in contact with the 
air and that probablv the active agents in rendering the gelatin insoluble 
are the oxidation product^ formed from the developers. Where the solu- 
tions arc not exposed to the air the gelatin will readily dissolve even al (T 
a month: also, where the oxidation product is insoluble in dilute alkalis, 
as in the case of p-aininophenol, the action is slight. In a negative the 
action i.s usually most marked in the neighbourhood of the reduced silver 
and this is ascribed to the more rapid oxidation oi the developer in that 
region by the bromine liberated. 

Under ordinary circumstances that is “ durinK d<'VClo|)ineiit of a 
negatire,” hardening only takes place with pjrogallol as dove ope, ■, Ih s 
is probably because the other developers, in the ■ >eseii<-e of .sulphite, only 
oxidise very slowly in the air. 

In the presem-e of developer j>lm sodium larhoimte gelatin '[■‘I 
harden after one month when ,,-phenyloned.am,ne ami g ynne 
When soclinm sulphite was jiresent lu addition to the sodiiiin e.xi lioii.ite, 
r gert^ became insoluble only with the developers : -pyrogallol, 
diaminophenol and diaminoresorcinol. 

A number of phenols which do not act ns developers were cxamiii^ 

sulnhokate In the presence of sodium carbonate and iii Miliitions expoi^ i 

r ‘":S.hS 

oSt for a uaphthol ,25 days) and resorcinol (45 days). Comparing the 
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time necessary for resorcinol with the times nwessary for its two iso- 
merides, ftydrequinone and pyrocatechol, which were respectively 1 and 2 
days, it \ill f)e seen that the fact that the two latter Ofi developers 
playf an ijiportant pa^t. I 

In proof of the statement that it is the oxidation product of the 
developer which hardens the gelatin, it w'as shown that quinone (benzo- 
quinone), whether added to the solution or to the solid, will render gelatin 
insoluble in cold water. The action proceeds all the more slowly the more 
diluti' the solution of quinone, but once the gelatin is set it no Ibnger 
melts on warming, nor will it dissolve in water after prolonged boiling. 
It is impossible to regenerate the gelatin and the quinone from the 
product, which is not dissociated into its constituents by acids, alkali carbo- 
nates or hydroxides or by ammonia. 

Trunkcl (Biochem. Zeitschr., 1910, 26 , 458) has investigated the pre- 
cipitation of gelatin {iy tannin. In aqueous solution tannin and gelatin 
will give complete mutual precipitation under definite conditions' of con- 
centration.^ With excess of tannin above this amount there will bo tannin'^ 
in the filtrate. With excess of gelatin, both tannin and gelatin will b(‘ 
found in the filtrate. In connection with such precipitation reactions it 
is stated that the same quantity of gelatin ^1 gram) requires more tannin 
for precipitation (0-7 gram) when fresh than when the solution has stood 
for *24 hours (0-4 gram), so that an ordinary precipitation *^reaction may 
be used to show the effects of previous history on the gelatin. 

The reactipns with tannin have been more thoroughly investigated by 
von vSehroeder (Kolloid Bcilivfte, 1909, 1 , 1 ; compare also Iticevuto 
Knlloid Zeifschr., 1908, 3 , 114; Levites, Kolloid ZciLschr., 1911, 8 , 4)'. 
Since gelatin is amphoteric colloid, and tannin is a negative colloid, 
it follows that gelatin will only be precipitated by the tannin when it 
(the gelatin) is positive. Thi.s le found to be the case; carefully dialysed 
gelatin is not prwipitated,. nor is gelatin which has been made neutral 
or slightly alkaline by the addition of sodium carbonate. When the 
gelatin is made acid, liowever (that is on the acid side of the isoelectric 
point), precipitation takes place. Ricevuto found that precipitation of the 
gelatin by tannin was again prevented as soon as the added acid reached 
a certain concentration, but von 8<‘hro(Mler found that in the case of 
hydrochloric acid (also nitric and <su]phiiri(‘ acids). prct;ipitatif>n is not 
prevonted at any concentration between 0-00 1-N and 0-25-N in a solution 
containing 0-5 per cent, gelatin and 0'75 per cent, tannin. Experiments 
with acotic, mono- and di-chloroacetic, succinic, and citric acids, showed 
that their retarding effect on the precipitation is the greater the greater 
the strength of the acid ((lualitative results only). Trichloroaxjetic acid 
could not be used, since it precipitates gelatin by itself. 

Von Schroeder also found that after k(‘eping the gelatin sol for 24 hours 
higher concentrations ol acid were neceesary to prevent precipitation h\ 
tannin than wdth the fresh sol, the influence of the previous history of 
the gelatin thus again playing a part. 

It was proved by investigation of what is known as the “ adsorption 
isotherm,’’ that the reaction between gelatin and tannin is a typical 
adsorption process. 

Gelatin and Fornialdehyde . 

The first quantitative investigation of the action of formaldehyde on 
gelatin seems to have been made by Lumiere and Seyewetz (BuU. Soc. 
Chim,, 1906, [lii], 35 , 872). When plates of gelatin are soaked in a 10 per 
cent, solution of formaldehyde the insoluble product formed contains from 
4-4‘8 gms. of the aldehyde per 100 grams dry gelatin as a maximum 
(after 12 hours’ soaking). The rapidity with which the formaldehyde is 
absorbed under these conditions increastjs with the concentration of the 
formaldehyde solution (up to 10 per cent. H.COH), and according to 
Aibegg and von Schroeder (Kolloid Zeitschr., 1907, 2 , 85) the velocity 
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follows that of aireactioii of the first order, except at very small concentra- 
tions, where the degree of tanning is les« than would be calculated. Levitea 
{Kolloid Zeifschr., 1908, 2 , 237) also found that in the presen^ of much 
water the,re*action be^een gelatin and formaldehyde tak4s Xce slowly 
(compare alsi# Ueimv^^Kolloul Zeifschr., 1920, 27^195). Tluf tacts^that 
the results are in accordance with a uniinolecular reaction does not prove 
that the phenomenon actually measured le chemical in nature; it may 
be physical, as indeed seems probable from the lact that the velocity was 
not sensibly inHuenced by the increase of temperature from 17°-50" 
(Lum*iere and Seyewetz). • 

According to Brotnian (.7. Sor. Leaf her Trndat rhem., 1921. 5, 563) the 
amount of formaldehyde fixed by gelatin is a function of the concentration 
of the gel, a weak gel fixing more formaldehyde thaft a more coiu entra '(' 
one under the same conditions. 

Gaseous formaldehyde is absorbed more shmly hv gelatin than is the 
eolution, but the maximum amount absorbed is thi' same in both cases. 

The reaction is a reversible one, siik'c gelatin which has been rcmlenMl 
insoluble by formahh hyde m.iy he restored Ui its original, (irndiiion by 
repeated treatment with hot water (Lnmiere and Seyewelz) or by digesting 
at 100° with a little water (Itein.'r). Ahogg and von S<‘hr<h‘der state that 
a non-melting gelatin, tanned with lonnaldeh\th\ had a melting jxnnt ol 
48° after wadiing fjp' 48 hour^ with cold water, and a ni.p, ol 46“ .Titer 
55 hours’ washing, the m.]). of the untanned gelatin being 36°. Formal- 
dehyde is also gradually liberated from the iiisoluhh' piodiut wlien the 
latter is heated at 110° (Lumiere and Seyeirietz). * 

•Maceration with cold dilute hydrcwhlorie a<id will remove forma Idehydi' 
from the hardened |jr<Kluet (Luinierc and Seyewetz), ajid tlie hardening 
proceeds may be ('iitiri'ly stopped and reversed by the addition ol small 
quantities of ammonia (Beincr). Cons(*quently by using ealculatcfl 
(jiiantities of ammonia, hardening may he st»rfp]X'd at any point. 

Hardened gelatin loses its power ol melting, hut the mass still softens 
at elevated toTiiperatnros , the sotleinng temperature is dopeiuhnit on the 
amount of hardening and the concentration of the gelaiin (Heiner). The 
hardened gelatin sottens at temperatures higher than the melting point 
of the untreated material. In eontradistiintion to untreated gelatin, 
softening of the hardened product commences at the centre and sjireads 
through the mass, and, on raising the tmnperature sufficiently, tlie gelatin 
becomes licjuid. If the softening temperature lies above 90°, then eom- 
plete liquefaction is no loiigc'r possible. Tlu' hardening appears to CK*cnr 
more completely on tlie snrtace than in the inU^nor of the mass. On 
cooling a melted, hardened gidalin, the seliiitg point lies at. or in most 
eases below, that of the untreated gelatin. 

The above tacts are explaine<l by Keiner .is tollow'^ (Tiiimiere ami 
Seyewetz gave a similar explanation); — kormaldehvde does not attack 
gelatin uniformly; one part is hardened whilst the oilier remains nn- 
attacked. The hardened part lorms a more or less cohiTtUii structure, 
and on continued action Womes imu'h more coherent and encloses tlie 
nnhardened part of the solution. In this way the gel loses its characteristic 
melting point, but if the structure is di.sturb<>d by melting, thou the mass 
solidifies at*tho point of solidification of the nnhardened gel. Compare 
also, Moeller {Kolloid Zeifschr., 1919. 25 , 67; 1921, 28 , 281, 1921, 29 , 45). 

Abegg and von Sehroeder ilov ctf.) state that the vis<-osity of a dilute 
solution of gelatin (1-2 per cent.) dimi.iirshes with time alter tin' addition 
of formaldehyde, but no refimonce is made to such an eft‘<Kt by liogne 
(J. Chem. hid. Eng , 1920, 23, 5) in his experiments on viscosity. 

According to Abegg and von SchriKHler the tanning action of 1 per cent, 
formaldehyde is not affc'cted by tin* presence of 20 (vol.) per cent, alcohol, 
whilst it is considerably acceler.ated by the addition of sodium c.nrbon.nto. 
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Leyites {KoUoid Zeitsckr., 1908, 2, 237) tested u large laumber of salts 
(6 per cent, gelatin, 2 per cent. HCOH and normal solution of the salt) 
at 60®, an& 70®, and found that all the salts retarded the velocity of 
gelatinisatim.f The retardation is all the greater Jhe lower tempera- 
ture and i|ie slower the reaction normally prcxjeetls. At V30® the salts 
have practically no action. Salts of bivalent ions have a greater influence 
than those of univalent ones, e.g., calcium chloride greater than sodium 
chloride. Within certain limits the action of the salts of univalent ions 
seems to be independent of their concentration, whilst molecular solutions 
of sa/ts with ions of the same valency have approximately the same 
retarding effect. Glycerol, glucbse and mannite also retard. 

Both hydrions and hydroxyl ions have an effect, the former accelerating 
and the latter retarding gelatinisation. The action of both ions increases 
with the concentration, that of the hydroxyl ions being much more 
marked than that of the hydrions, although both elTects are very great. 
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JELLY* STEEN OTH OF GELATIN 

Until the last few years no attempts seem to have been ma4<' tc^connect 
the so-called* ‘‘ jelly strength ” of gelatin with other propertied In the 
early days? measurements of the clastic properties of gelt vhre r^tnie 
purely from i!he physical point of view, the first Selatin whicJ came to 
hand being lised, and no account taken, or description given, of its 
chemical and other properties; in very many cases the kind of gelatin 
used is not stated. , 

The, early investigations had reference chiefly to the measurements of 
the elasticity coefficient and of Poisson’s ratio, Poisson’s ratio i^ the 
ratio of unit increase in length to unit decrease in diameter 
(All I -r Afl/d,) where / = length and d = diameter) when a rod of gel 
is stretched. If the rod suffers no alteration in vokime when it is tli”s 


stretched, ju should have a value of 0-5, and this was found to he the case 
bv Wiedemann (Verh. (iesellKch. Jierlin, 1884, p. 45), Maurer (U'lcd. 

Ann., 1886, 28 , 628) and Fraas (Wied. Ann., 1894, 5^ 1074). 

The compressibility of a gel depends on its elasticity, and de Metz 
''{Wied. Ann., 1890, 41 , 663) found that the compri'ssilulity decreased with 
the age of the gol, that is, the elasticity iiicrea.M-d, an olisery.itiou which 
•was first made by Sir I). Brew'ster in 1815 in connection with some 
experiments on the double refraction of plates of gelatin V'/nris., 

1815, p. 60). The coefbcient of compressibility wdlh increasing pros.sure 
was found to be greater than that for decreasing pressuie. Von Bjei1\en 
(Wied. Ann., 1891, 43 , 817) showed that when a .strip or rod of gelatin 
gol is stretched beyond a certain limit it contracts on warming; under the 
same conditions it should become warmer on being further stA'tched, and 
this. was found to be the ca.se. Tt is of intc‘rest to note that Hjerkeii 
state.s in his papm* that “ the more acmirate composition of the gels has 
very little interest, but it may be stated that they all con.sisted mostly of 
liquid (at the most 20 per cent, gelatin).” 

Beferenee may also bo made to a paper by Bankine M<m., 1906, 

11 447) on the decay of torsional stress in gelatin gels, and to ^arlou.s 
papers which deal more particularly with the exi.slence of .stru(‘tiir(> in 
v<‘rv dilute solutions of gelatin (Sihwedoff, »/. 1889, 8, 341 , 

Colin, Cnmptes liendus, 1893, 116 , 1251; Bohloff and Shinjo, /Vn/.si/v. 


Zcitschr., 1908, 8 , 442). 

In the eourse of the above investigations various ohsm-valions were 
made which are of illter(^st, one of which lias already heeu mentioned in 
connection with tlu^ effect of age on the compressihility. biaas and 
Batikine (/or. cif.) oacb iionit out that the jirevions history ol Ibe gel i^ 
important and must he takem into aeconnl before measuimueiits a-e mad(> 

Fraas found tliat flic olastioitN (•(««, ■i,.m Kclatm ,;ols dcM-rcasm 

rauidlv with increaM' in l■on<■™tratlon of tlio ■'.■latm Iwlwi'ini 10 and a 
per rent. Sodium cld,.r.,k. (also potassiun. ■ ml .■almnm rido.nlos) 
decreases tlie elasticity and rigiility, so nmeli sc ilnil rods ol o,.| Wem 
lone and 15-7 inm. in diameter, cmitaimiig 20 per cent, of sodium eliloi ide, 
break under their own weight. Olycero), so lone as it is not I'"''''"'- '* 
sufficient quantity to affect tlie solubility ol tin' pdatin, has no effect - n 
tho elasticitv fiiiallv obtained. Suerose and ( 4 um a.-alm' liehayc simd.irh 
to Hhcerol.' Leick (ir,rd. .Inn., 1904, 14 , 139), usi.m .. pliotoKrapli.c 
nelatin investioated the relation la'tween elasticity anil ((.iicciiti.i.ioii 
Lmen-hat mqro^ecn lately and found that 

modulus)* is approximately proportional to the ; ; 

of the celatin except at hip'll ooneeiitratioiis (30 pel (int. nr molt ). 
lore it tl.e s'ln.'- "f e™-ntiation 

He also renWd Films'^ observations that soilium potass, „m and 

relciuL chlorides, as al.so lithium and 


considerably. 
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concentration is not confirmed. If the relation *is of tht form E - 
then it * hould follow that log E = log fe + n log 0, that is, a straight 
line relation between log E and log C. This is found to be «the case for 
som^ gelaVnsfbut with others the curve is definit^y conciive to the log C 
axis^ Wlfeii there is*a straight line cmwe the value of fl may bo less 
than or equal to 2. 

It was further found that the changes of elasticity with acid or alkali 
are not simple functions of the pH of the gel.* 

With increasing alcohol content up to about 25 per cent, the modulus 
of rigidity and the jelly strengt.h increased slowly at first. Up to about 
40 per cent, the gels broke normally, but above this concentration the 
elastic limit was re%phed and alcohol and water were squeezed out of 
the gel. 

Preliminary experiments only were made of the effect of glycerol. 

It has been pointed out that the jelly strength of a gclatiw is not 
dependent on the concentration according to a simple relation, since the^ 
curves showing the relation betw^een the jelly strength, as measured by 
the breaking load or by the modulus of rigidity, and the concentration, 
for different gelatins cut each other. The same thing holds for the curves 
showing the relation between the setting point and the concentration 
(Slifppard and Sweet, J. Ind. E'tuj. Chem., 1921, 13, 423). JVforeover, the 
ordei for different gelatins, if graded according tl> the setting point, 
would not nece^ssarily be the same as if their jelly strengths were used. 

The most' direct method of adjusting these difficulties would be to 
compare the integral values of the jelly strength — eoneentration curyes 
or setting point— concentration curves respectively, over the coinjileto 
range of 0-100 p\3r cent, concentration. This, however, is not possible, 
but Sheppard and Sweet suggest that the (‘omparison he made for a lower 
range, up to 25-50 per cent, concentration. The areas enclosed by the 
corresixmdiiig curves and the axes of coordinates may be measured eitlior 
by a planiiiieter or by weighing. Kesults such as tin* following are then 
obtained. The figures are given in order of dwreasing magnitude. 


Jelly strength values. Setting point values. 


No. 

Rel. area. 

No. 

Pel. area. 

3 

697 

1 

1345 

2 

615 

3 

1320 

1 

321 

2 

1297 

4 

146 

^ 4 

922 

5 

96 

5 

898 

6 

56 

6 

869 

17 

878 

14 

1550 

14 

filO 

17 

1515 

13 

537 

13 

1478 

16 

356 

15 

1461 

18 

306 

18 

... , 1437 

15 

294 

16 

1422 


These tables show that there is much less difference between individual 
setting point values (the same holds for melting point values) wuthiii the 
range of concentration tested, than between the jelly strength values for 
the same sets of gelatin. Also, the order in any set is not the same for 
both values, that is, the grading of gelatins would give different results 
according to the method used. Each type of grading therefore seems 
to be desirable for adequate characterisation. 





Addendum 


Although not giving ^ direct measure of jelly strength uk tcMiis ol co- 
efiBcients oT elantioity, ejtperimeiits carried out by O. li. Smith jf/. aLc/. 
Chem. Soc., 1^19, 41, 135; J. Ind. Eng. Chem., 1920, 12, 878) ha\e indi- 
cated that there is a connection betwt'cn the inutarolation of gelatin and 
its power of gelation. By nuitarotution in tho case ol gelatin ir> meant 
the change in rotation w^hich a solution or gel undergoes whet the 
temperature is altered. ^ 

Very little study of the rotatory powei ’bl gelatin apjieais to have been 
made prior to the work ol Smith. Trunkel [r,i,K'lnin. Znlachr., 1910, 26, 
493)l, referring to the work of de Bar> {Hoppe id( I'a Med.-Che < 
1866, 1, 71), Kruger {Mngl's Jnlncsh. n Eoifsdn . <1. Ticrclitnue, 
1889, p. 29) and h'ranim {Aichiv gvs. J^lnfisod,, iu.)7, 1 4 states that 

the extent ol our previous kn()\\ ledge on the suhiecij ma> ho suniniai ised 
as follows: — the specific rotiilory imwor ol gelatin changes with tlu' 
,^temperature, and conliiiued lieating at 100" gives a product, ^/j-gel.itin, 
the specific rotatory power ol vhich is louei than that ol ordi.n.iry gel. 1 tin 
► Trunkel used very dilute solutions ol gelatin, which weie iirejiaied h> 
heating for 6-8 hours at 80", so that undouhledU considerable hydrolysis 
hud taken place, and thereloic tin' conclusions In' diew lioin his lesnlts 
ai*e of very llLtle importance, the saiin' holds for tlie caleul.it ions s^icli 
Wo. Otstwuld {Kolluiil Zcit.scli I 1915, 17, 113) made lioni Triiiikel s results 
with respect to the kini'tics of the iiiiihot.ihon ol gelatin {cj. lilso llazukin 
and Bruudo, J. Ifnss. i'/iiyA. Chun. »S'o(., 1915, 47, 13.3.^, 191b, 48, 269). 

in the cxjieiyments madr b;^ Siuitii (be solutions nerc |>n‘parcd Ironi 
the powdered air-dried samples b\ soaking lor a fev mi’liutes with uatei 
in u graduaU'd flask, heating on the ^team bath foi 10 niinutes, cooling 
and making up lo volume at 35'. Pioloiiged heating ami ti*m])erat tires 
higher than 60° were avoided, .Most ol tin- lea’dings weie made when the 
solution v\as in the condition ol a gel in the xiolarimeti'i taibt- 


With solutions in winch the conceiitialions were I 2 3 5, and 7 

grams ol gelatin per 100 ct., extciideil iiieasuremcnts vveu- m.idc, siifiii leiil 
time h(‘ing allowed lor tin' M-adings to beconi<‘ const. nil at the given 
tcnijieruturo ; the. teiiipei atui t- v a.i led lu-lwin-ii 10" and 45 Above 35" 
constant lotation is quickly obtained il the solution, altci prehmniaiy 
heating to 36 ‘’’-40°, is brouglit to the dcMied lempi'ratuie. at lower 
teiiii»ei atures tho solutions must be kept lor 10 to 15 hours at Tim desired 
temperature for the lotation to hecome eon.',1aiit ('oiistanl rotation is 
the more quickly obtained in the more coneeiiti ated solution.-^. 

At a temperature above 35° the sjmeifie loia.eiv powo-r is iiiactieally 
constant, even with widely varving cmieeiiLrai mn ^ aiiotlim and quite 
dill’erent specific rotati power is shown at 15", whnii is again constant 
1^)1- the varying conoeiurations; similarly lor H'". Tlic rotation increases 
w'itli fall in tempernture. 

Since the “specific roiatoiv powei ” does not \..rv appit-dably above 
33°-35°, Smith concludes tliai tlieie aie tw'o cli'-niual I-mih^ ot gelatin, oiu' 
of which is stable above 33°-35‘ isol loim A), wIuIm the otlivT foi m (gel 
form B) exists at lower temperatiiii*. The tiaiidorinatioii into tho R lorm 
is pritctfcallv complete at 15". 'I'lie condilion at aiiv intermediate 
temperature ‘lietwem. 35° and 15" is one ol .Mpulihnum. winch may lie 
represented by the equation 


Sol form \ 


-•ol loi’in It 


tl.o change u, rotatiou .c-.Mbl. u'.jh ."i;; 

velocity with which the change in lotation t.dts pm*- <1 Hliowed 
a sclul.on al 35" i. could <loa-.. .ai-idlv an,l f f ^ ' 

that the time required lo- half the total . hange ,n -y*;"’' , 

wa« inversely as the o. tl><' ' 5, ' " t V, 

rr.a.d.on is bimokvulnr. Veh«it.v constants at 20 , -ah nIaUd on 
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jiave good results, so that the reaction which takes place 
may be c\a8idered to be the combination of 2 mols. of A tp form one 

b!J ^ ‘ ■ 

By measuring the equilibrium rotations at 24“, 25®, 26^^ and 27® of 
1, 2, 3 and 5 per cent, solutions, and knowing the constant rotations at 
35° ard 17° respectively, it was possible to determine the equilibrium 
constr^it of the above reaction. • 

Otter evidence is given by Smith for the exihtencc of two forifis of 
gelatin. At temperatures bAow 30° gelatin solutions are either 
precipitated or made opalescent by the addition of alcohol to the extent 
of 15 per cent. Wh«:i opalescence is produced a drop of a solution of 
alum or a feeble electric current will produce coagulation. Above 35° 
precipitation lequires very much largei- proportions of alcohol, about 
40-45 per cent., unless a comparatively large amount of some electrolyte 
i.s added (c/., Ilford Ltd., Henwick and Storr, Eng. Pat., 16700/1915; 
102168/191^5). 

I'^or differefit concentrations of gelatin there are rnininiuin temperatures 
aheve and Ix'low which the sol or gel condition respectively is stable for 
any Imiglli of time. iSmitJi considers these temperatures to be the true 
iiK'Ujiig ]>oiiit.s, and determines them as follows; — The sol is cooled 2°-3° 
hclo^ the expected temperature, maiutaniing the •!:<.'mperature at this 
poiiit until the gel is produced, and then transferring to a constant 
tempei atuu» halli at tin' expected teunperalure. At this temperature the 
g('l should S’iiow the sel(M.‘ted condition of viscosity coiitiiiuously for 
several (3-4) lloul•^. Kor the measurements polaris(‘ope tubes were u^a'l, 
ami tlu‘ \ iscosil\tselected to mark the transition fi om sol io ged was such 
that a hubhh' of air. about 4-5min. in iliametcu-, admitted to the tube, 
moved vei'tically willi a .scarcely iiereeptible motion ot about 1 cm. in 
4 secs. 'Hh' miiiiiiium comemtiatioii of gelatin required to give a solution 
of such viscosity at a given temiierature is said to be tlie concentration 
of a standard gel.” 

The curve sbouing tho relation lietwcuMi the coma'iit ration and the 
maximum gelation temperature was found to he of the usual form, 
approaching asymptotually to a temperature of 35°. 

in the paper in the J. hid. Eng. (dicin (lor. nL). Smith gives tho 
results of a large iiuinher ol nnaisui einmits oi the rotaiory powers oi 
different bone and hide gelatins at 3o°, 15° and 10°, and discusses the 
relations which exist between the mutaroiatiuii and tlu- jelly strength, 
the latter being defined in terms ol the standard gel. It is found that as 
,the miinmuTii amounts of gelatin lu'cessary to give a standard gel de<’rease, 
the mutarotatioii, the rotation per gram at 15° and 10°, and the ratio of 
the rotations at 15° and 35° all increase. 
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APPENDIX II 

THE BEARIVG OF RE’SULTS OBTAINED IN RECI:NT INVE^lGAf IONS 
OF SOAP SYSTEMS UPON THE STRUCTURE OF GELATIN GELS 

At first Slight there w#uld not appear to be any marked siwlarity 
beti^^^n soaps on the one hand and gelatin on the other; thoj^l.ave, 
however, a number of similar properi|es. Thus, like soaps, gelatin 
forms, under suitable conditions, colloidal solutions (clear fluid sols) and 
transparent elastic gels, and it is probably also capable of existence in a 
form analogous to curd. The similarities in phy^cal behaviour are in 
fact, so close that any hy|K>theeis put forward to account for the behaviour 
and structure of gelatin must alsfi be capable of application to soap^. 
It is possible, indeed, that knowledge} of the strfictuic ot gelatin gels 
will bo gained by the study of soaps since the latter are of definite, 
known composition and are obtainable in the pnret stale with relatively 
little difficulty. On the other hand the cbemi<',al stmctifre ol gelatin 
has not yet been completely elucidated and, as the foregoing report 
shoAvs, it is most difficult to obtain the material itself in a state of purity. 
For experi'meiital purposes then, soaps are more tractable maicrials^han 
gelatin. Fit^-tber, the study of soaps has now reaelied tlie slag<‘^vli(Mi 
it is possible to cause the solutions to reproduce their chai aeteristic 
properties at will by carefully eontrolliiig all tlie factors o#m;cnied. A 
similar stage is also being approached (but eaii hardly be said to have 
bge]i reached) in the study of gelatin as is suggested hy the lollowiiig 
statement of C. R. Smith (J Ainer. Ohem. See., 1921 1365).-- 

“ The results of this paper arc quantitatively reprodneible. As 
the study of the projierties of gedatin has advaneeil, little exeiisc 
is seen for applying the term ‘ hystenYUs ’*10 the failure to reproduce 
<‘oiidition.s and results.” 

In the following paragraphs such of tlu' iiioic important resull.s obtai’ued 
in the recent studies of soap systems as ajijicar to have a bearing are 
briefly recited and their utility in a ])ossiblc niterpretatioii ol tin' struc- 
ture of gelatin gels is explained. 

Soap has been shown by Miss Lai’ng to he capable of existence in thre.e 
typical states, t.e., as clear fluid sol (solution), transparent clastic gel 
(jelly) and white opaque curd. Tinder proper eonditions and by suitable 
manipulation, it is possible to cause the so.ip in a particular solution 
a moderately strong soluti'on of the soaj) sodium oleatc) to assiinie 
any one of the above three forms, further, it is possible to keep, side' 
by side, three portions of the same soap solution :.o the same temperature, 
ill which the soap is to be found in the sol, gel and cnid itatf's respec- 
tively. The sol and gel are clear and transparent, showing no triwn-s 
of solid structure under the iiltrii-microscope, while the curd is reveaksl 
a.s a maos of fine white fibres eiimesliing a very w^eak s(,ap .solution or 
almost pure water. The curd, the wdiite fibrous structure ol w'lnVdi is 
visible in the ultra -microseope and occasionally in the microscope, is 
the relatively insoluble forni in whkh the soaj) hu'. siqia rated Irom 
solution. ^ • 

The curd state of soap is very markedly different from the sol an<l gel 
states, but the two latter states are strikingly similar. The .soap solution, 
in fact, is turned into a transparent jel'y without alteration of any of its 
proi>ertiee except those of rigidity and elasticity, TVitli this exception, 
the sol and gel states of soap are identical. Tins remarkable identity is 
found -not only in those properties of the sol and gel which depend upon 
their osmotic pressure but also in thci'r electrical conduct ivit.y. It sliould 
here be noted that the identity of several properties in the sol and g^l 
states is observed in gelatin as well a*s in soap .solutiou.s. There has 
lieen much confusion in the past in regard to soap owing to failure .o 
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-discriinii^te between the phenomena ol (j^latinisation and curd formation; 
the two £||e entirely different and can clearly distinguished by experi- 
menljAl m£nfi( ( . * ^ 

According to the iol^ic dissociation hypothesie, ^the molecules of salts 
in aql^ue solution are supposed to be split up in part, ihto iotls or radicles 
carry i 'g electrical charges, and it is the migration of the electrically 
chargd'l ions which enables such solutions to con/luct electricity. Similarly 
soap^ which are essentially the alkali salts of fatty acids, are partly 
dissociated in aqcous solution. J'hus a dilute solution of the soap sodium 
stearate contains not only iindissticiated soap, but also positively charged 
sodium ions and negatively charged stearate ions. In more concentrated 
solution the stotirate Ibns agglomerate to form parti’clcs or micelles which 
are colloidal in character and yet retain the negative electrical charges 
of the unit ions of which they are composed. Similarly the undiseociatetl 
soap agglomerates to* form particles whicji are colloidal but electrically • 
neutral. When a soap solution becomes gelatinised (transformed' into a 
gel) it is #^lear that the gel structure must be made up either of the '' 
colloidal neuh al soap or ol the colloidal ionic micelles. The evidence at 
present a\ailable would seem to indicate that it is the neutral colloidal' 
particles or micelles of undissociatod soap which are linked up to form 
the gol fraiuework. In any case the same constitiieitts and the same 
amo\it ol the same actual particles exist in sol aiyl gol. 

Returning to the general problem of gel formation, it may he said 
that five ex ^Ij a nations have been put forward to account for the properties 
of gels. Tln^se explanations may be described sis; — 

(1) a mok'cul|[ir network throughout the gel; 

(2) a closed honeycomb of solid enclosing liquid; 

(3) a porous, but continuous, solid cellular framework; 

(4) a more or less rigid emulsion composed of two liquids; 

(5) the micellar theory ; that is a structure probably fibroms made up 

of jiarticles or miccdlcs. The soap solution is supposed to be 
filled with iniuitmerable fibres of this sort, whilst still contain- 
ing the ions and ionic micelles as outlined above. 

The identity of many and sigiulicani propiirties of sol and gel has already 
been emphasised. The oonclnsion to lie drawn from this identity is that 
it is impossible for there to Ih) any but very slight differences in the 
physical states of sol and gel. In each state a sensitive physical and 
t licmical equilibrium exists and these equilibria must be identical i* sol 
and gel since any slight change in them would lead to marked differences 
in such properties as electrical conductivity and osmotic pressure effects. 

Various investigators, selecting one or other of the five above hypotheses 
<;oncorning the phenomenon of gelatini'sation, have agrt'ed that the latter 
IS, in effect, a proci\ss of crystallisation. The evidence gained from the 
study of soap systems is, however, incompatible with this suggestion :r 
we consider crystallisation to bo the removal of substanci^ from colloidal 
solution. The process of gelatinisation is such a subtle one that the 
colloidal particles are not sufficiently removed from the solution as 1o 
disturb the equilibrium existing id the latter. This is not in accordance 
with hypotheses (2) and (3), ‘ • * 

The experimental results which have been outlined have an important 
■bearing upon the five explanations put forward to account for the 
properties of gels. The first explanation suggests- that gels contain, as 
part of their structure, a network which i's in effect one linked-up system 
of molecules; the rest of the solution consists of simple molecules and ions. 
In the investigation of soaps, however, it is quite clear that the colloidal 
properties cannot be ascribed to the presence of hypothetical unknown^ 
molecules of great complexity and very high molecular weight, since the 
chemical formulae and molecular weight are known. While the soap is 
in true solution it behaves like an ordinary, non-colloidal salt. 
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TM ^ectrical couductirity of a soap sol is qaantitativei]^ samo as 
that of the gel obtaihod from ft. Now if a sol in changii^ to a g«l | 
became cyml^ed witULu solid cells or a cellular framevixrlifor iMcame 
emulsified with what is essentially a different licfUid^ the elJbtrica con> 
ductility could not remain unchanged in the face of such fundamental 
changes in the conditions. Thus the hypotheses (2), (3) and (4W above 
would seem to be lihe (1)^ untenable. f 

Thje suggested explanation (5) assumes that the particles becomlMtuck 
together, or arranged in loose aggregates which may be granulls or, 
more probably, threads similar in character to the thread-like strings of 
particles of cadmium or iron oxides formed when an arc discharge passes 
between cadmium oi iron poles in air. Thi's explaflation, which is called 
the micellar theory is m harmony with many characteristic phenomena 
exhibited by gels such as syneresis (exudation), double refraction, sweli- 
ing, peptisation, the form and elasticity* of gels, coagulation, 

dehydration and vapoui pressure, pleochromdsm (the exhibition ol ditferent 
colours when vieucil m difierent directions), and certain opticai and ultra- 
microscopic plienoincna. etc. In fact, all the characteristic^ proporti€'s of 
gels can be exphuiud in the light of ^.he micellar theory. 

Finally thils thcor\ explains the puzzling fact that the apparent viscosity 
of a sol freij^ieiitly dc{ieiids upon its previous treatment and historj^ in 
many sols the pnx^^s by which colloidal particles become linked uiwiwith 
the ultimate result of gel formation) is in progress; the observed vis<‘osity 
ot the sol will depend upon the extent to which this process bus progressed. 

For these reasons the raicellur conception of gel formation and stnicLure 
niuBt be rega^;ded as, at h*a.st, a valuable working hypothesis, 

• 

[References: M. E. Laing and McBain (Trans. Chem. Soc. London, 1920, 
117 , 1506); Darke, McBain and Salmon (Proe. Roy. Soc., 1921, 98 , A, 
395); Third Report on Colloid Chemistry* of the British Assixuation, 
1920, 2-31.] 
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